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"Compounds Useful for Treating Allergic or Inflammatory Diseases'* 

Field of TTivffnrinn 

The present invention relates to novel compounds, phannaceuticaJ compositions 
containing these compounds, and their use in treating allergic and inflammatory diseases and 
5 for inhibiting the production of Tumor Necrosis Factor (TNF). 

Background of the Invention 

Bronchial asthma is a complex, multifactorial disease characterized by reversible 
narrowing of the airway and hyperreactivity of the respiratory tract to external stimuli. 
10 Identification of novel therapeutic agents for asthma is made difficult by the fact that 

multiple mediators are responsible for the development of die disease. Thus, it seems 
unlikely that eliminating the effects of a single mediator will have a substantial effect on all 
three components of chronic asthma. An alternative to the "mediator approach" is to 
regulate the activity of the cells responsible for the patiiophysiology of the disease. 

15 One such way is by elevating levels of cAMP (adenosine cyclic 3\5'- 

monophosphate). Cyclic AMP has been shown to be a second messenger m'ediating the 
biologic responses to a wide range of hormones, neurotransmitters and drugs; [Krcbs 
Endocrinology Proceedings of the 4ih International Congress Excerpta Medica. 17-29, 
1973]. When the appropriate agonist binds to specific ceU surface receptors, adenylate 

20 cyclase is activated, which converts Mg+2-ATP to cAMP at an accelerated rate. 

Cyclic AMP modulates the activity of most, if not all, of the cells that contribute to 
the pathophysiology of extrinsic (allergic) asthma. As such, an elevation of cAMP would 
produce beneficial effects including: 1) airway smooth muscle relaxation, 2) inhibition of 
mast cell mediator release, 3) suppression of neutrophil degranuiarion, 4) inhibition of 

25 basophil degranulation, and 5) inhibition of monocyte and macrophage activation. Hence, 
compounds tiiat activate adenylate cyclase or inhibit phosphodiesterase should be effective 
in suppressing the inappropriate activation of airway smooth muscle and a wide variety of 
inflammatory cells. The principal cellular mechanism for the inactivation of cAMP is 
hydrolysis of the 3'-phosphodiester bond by one or more of a family of isozymes referred 

30 10 as cyclic nucleotide phosphodiesterases (PDEs). 

It has now been shown that a distinct cyclic nucleotide phosphodiesterase (PDE) 
isozyme, PDE IV, is responsible for cAMP breakdown in airway smooth muscle and 
inflammatory cells. [Torphy, "Phosphodiesterase Isozymes: Potential Targets for Novel 
.Aj)ti-asthmatic Agents" in New Drugs for Asthma, Barnes, el IBC Technical Services 

35 Lt±, 1989]. Research indicates that inhibition of this enzyme not only produces airway 
smooth muscle relaxation, but also suppresses degranulation of mast cells, basophils and 
neutrophils along with inhibiting the activation of monocytes and neutrophils. Moreover, 
the beneficial effects of PDE IV inhibitors are markedly potentiated when adenylate cyclase 
activity of target cells is elevated by appropriate hormones or autocoids, as would be the 
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case in vivo. Thus PDE IV inhibitors would be effective in the asihmadc lung» where levels 
of prostaglandin E2 and prostacyclin (activators of adenylate cyclase) are elevated Such 
compounds would offer a unique approach toward the pharmacotherapy of bronchial asthma 
and possess significant therapeutic advanmges over agents currently on the market. 
5 The compounds of this invention also inhibit the production of Tumor Necrosis 

Factor (TNF), a serum glycoprotein. Excessive or unregulated TNF production has been 
implicated in mediating or exacerbating a number of diseases including rheumatoid arthritis, 
rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, 
septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult 
10 respiratory distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, 
silicosis, pulmonary sarcoidosis, bone resorption diseases, rcperfusion injury, graft vs. 
host reaction, allograft rejections, fever and myalgias due to infection, such as influenza, 
cachexia secondary to infection or malignancy, cachexia secondary to human acquired 
immune deficiency syndrome (AE)S), AIDS, ARC (AIDS related complex), keloid 
15 formation, scar tissue fonnation, Crohn's disease, ulcerative colitis, or pyresis, in addition 
to a number of autoimmune diseases, such as multiple sclerosis, autoimmune diabetes and 
systemic lupus erythcmatosis. 

AIDS results from the infection of T lymphocytes with Human Immunodeficiency 
Virus (HIV). At least three types or strains of HTV have been identified, i.e., HIV-1, HIV- 
20 2 and HIV-3. As a consequence of HIV infection, T-cell-mediated immunity is impaired 
and infected individuals manifest severe opportunistic infections and/or unusual neoplasms. 
HIV entry into the T lymphocyte requires T lymphocyte activation. Viruses such as HTV-l 
or HIV-2 infect T lymphocytes after T cell activation and such virus protein expression 
and/or replication is mediated or maintained by such T cell activation. Once an activated T 
25 lymphocyte is infected with HIV, the T lymphocyte must continue to be maintained in an 
activated state to permit HIV gene expression and/or HIV replication. 

Cytokines, specifically TNF, are implicated in activated T-cell-mediated HTV piDtein 
expression and/or virus replication by playing a role in maintaining T lymphocyte activation. 
Therefore, interference with cytokine activity such as by inhibition of cytokine prtxiuction. 
30 notably TNF, in an HIV-infected individual aids in limiting the maintenance of T cell 

activation, tiiereby reducing the progression of HIV infectivity to previously uninfected cells 
which results in a slowing or elimination of the progression of immune dysfunction caused 
by HTV infection. Monocytes, macrophages, and related cells, such as kupffer and glial 
cells, have also been implicated in maintenance of the HIV infection. These cells, like T 
35 cells, are targets for viral replication and the level of viral replication is dependent upon the 
activation state of the cells. [See Rosenberg et aL, The Immunopathogenesis of HIV 
Infection. Advances in Immunology, VoL 57, 1989]. Monokines, such as TNF. have been 
shown to activate HTV replication in monocytes and/or maaophages [See Poli et al., Prt>c. 
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Natl. Acad. Sci., 87:782-784, 1990], therefore, inhibition of monokine production or 
activity aids in limiting HIV progression as stated above for T cells. 

TNF has also been implicated in various roles with other vir^ infections, such as the 
cytomegalovirus (CMV), influenza virus, adenovirus, and the herpes virus for similar 
5 reasons as those noted. 

TNF is also associated with yeast and fungal infections. Specifically Candida 
albicans has been shown to induce TNF production in viiro in human monocytes and natural 
killer cells. [See Riipi et aL, Infection and Immunity, 58(9):2750-54, 1990; and Jafari et 
al. Journal of Infectious Diseases, 164:389-95, 1991. See also Wasan et aL, Antimicrobial 
10 Agents and Chemotherapy, 35,(1 0):2046-48, 1991; and Luke et al,. Journal of Infectious 
Diseases, 162:211-214,1990]. 

The ability to control the adverse effects of TNF is furthered by the use of the 
compounds which inhibit TNF in mammals who are in need of such use. There remains a 
need for compounds which are useful in treating TW-mediated disease states which are 
15 exacerbated or caused by the excessive and/or unregulated production of TNF. 

Summary of the Invention 
This invention relates to the novel compounds of Formulas (I) and (II) as shown 
below, useful in the mediation or inhibition of the enzymatic activity (or catalytic activity) of 
20 phosphodiesterase IV (PDE IV). These compounds also have Tumor Necrosis Factor 
(TNF) inhibitory activity. 

This invention also relates to the pharmaceutical compositions comprising a 
compound of Formulas (I) or (II) and a pharmaceutically acceptable carrier or diluent 
The invention also relates to a method of mediation or inhibition of tiie enzymatic 
25 activity (or catalytic activity) of PDE IV in mammals, including humans, which comprises 
administering to a mammal in need thereof an effective amount of a compound of Formula 
(I) or (II) as shown below. 

The invention further provides a method for the treatment of allergic and 
inflammatory disease which comprises administering to a mammal, including humans, in 
30 need thereof, an effective amount of a compound of Formula (I) or (II). 

The invention also provides a method for tiie treatment of asthma which comprises 
administering to a mammal, including humans, in need thereof, an effective amount of a 
compound of Formula (I) or (11). 

This invention also relates to a method of inhibiting TNF production in a mammal, 
35 including humans, which metiiod comprises administering to a mammal in need of such 
treatment, an effective TNF inhibiting amount of a compound of Formula (I) or (11). This 
method may be used for die prophylactic treatment or prevention of certain TNF mediated 
disease states amenable thereto. 



wo 93/19750 



PCr/US93/02325 



This invention also relates to a method of creating a human afflicted with a human 
immunodeficiency virus (HIV), which comprises administering to such human an effective 
TNF inhibiting amount of a compound of Formula (1) or (II). 

Compounds of Formula (I) or (II) are also useful in the treatment of additional viral 
5 infections, where such viruses are sensitive to upregulation by TNF or will elicit TNF 
production in vivo. 

In addition, compounds of Formula (I) or (II) are also useful in treating yeast and 
fungal infections, where such yeast and fungi are sensitive to upregulation by TNF or will 
elicit TNF production in vivo. 
10 Certain novel compounds of this invention are represented by Formula (I): 



R1X2 




a) 

wherein: 

Rl is -(CR4R5)nC(0)0(CR4R5)mR6, -(CR4R5)nC(0)NR4(CR4R5)mR6, 
15 -(CR4R5)nO(CR4R5)mR6. or -(CR4R5)rR6 wherein die alkyl moieties may be optionally 
substituted with one or more halogens; 
mis0to2; 
n is 1 to 4; 
r is 1 to 6; 

20 R4 and R5 are independently selected hydrogen or Ci-2 alkyl; 

R6 is hydrogen, methyl, hydroxyl, aryl, halo substituted aiyl, aryioxyCi-3 alkyl, 
halo substimtedaryloxyCi.3 alkyl, indanyl, indenyl, C7.11 polycycloalkyl, 
tetrahydrofuianyl, furanyl, tetrahydropyranyl, pyranyl, tetrahydrothienyl, thienyl, 
tetrahydrodiiopyranyl, thiopyranyl, C3.6 cycloalkyl, or a C4.6 cycloalkyl containing one or 
25 two unsaturated bonds, wherein the cycloalkyl and heterocyclic moieties may be optionally 
substimted by 1 to 3 methyl groups or one ethyl group; 
provided that: 

a) when Rg is hydroxyl, then m is 2; or 

b) when R^ is hydroxyl, then r is 2 to 6; or 

30 c) when R^ is 2-ietrahydropyranyl, 2-tetrahydrothiopyTanyl, 2-ietrahydrofuranyl, 

or 2-tetrahydroduenyl, then m is 1 or 2; or 

d) when is 2-tetrahydropyTanyl, 2-tetrahydrothiopyranyl, 2-tetrahydit)fiiranyl, 
or 2-tetrahydrothienyl, then r is 1 to 6; 

e) when n is 1 and m is 0, then R6 is other tiian H in -(CR4R5)nO(CR4R5)niR6; 
35 X is YR2, halogen, nitro, NR4R5, or formyl amine; 

Y is O or S(0)ni'; 

4 
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m' is 0, U or 2; 
X2 isOor NRg; 
X3 is hydrogen or X; 

R2 is independently selected from -CH3 or -CH2CH3 optionally substituted by 1 or 
5 more halogens; 

s is 0 to 4; 

R3 is hydrogen, halogen, C1-4 alkyl, halo-substituted C1-4 alkyl, 
CH2NHC(0)C(0)NH2, -CH=CR8'R8\ cyciopropyl opdonally substituted by R8', CN, 
ORg, CH2OR8, NRgRio, CH2NR8R10, C{Z')H, C(0)0R8. CCONRgRlO, or CsCRg'; 
10 X is O, NR9. NORg, NCN, C(-CN)2, CRgCN, CR8NO2, CRgCCOORg. 

CRgCCONRgRg, C(-CN)N02. C(-CN)C(0)0R9, or C(-CN)C(0)NR8R8 ; 

Z is O. NR7, NCR4R5C2-6 alkenyl. NOR14, NOR15, NOCR4R5C2.6 alkenyl. 
NNR4Ri4» NNR4R15, NCN, NNR8C(0)NR8Rl4, NNR8C(S)NR8Ri4, or =Z is 
2-(13-dithiane), 2-(l,3-dithiolane), dimethylthio keial, diethylthio keial, 2-(13-dioxolane), 
15 2(l,3-dioxane), 2-(l ,3-oxathiolane). dimethyl ketal or diethyl ketai; 

R7 is -(CR4R5)qRi2 or Cj.^ alkyl wherein the Ri2 or Cj.g alkyl group is 
optionally substituted one or more times by C 1-2 alkyl optionally substituted by one to three 
fluorines, -F. -Br, -CI -NO2, -Si(R4)3, -NRioRu, -C(0)R8, -CO2R8. -ORg, -CN. 
-C(0)NRioRll, -OC(O)NRi0Rll, -OC(0)R8. -NRioC(0)NRioRll, -NRioC(0)Rii, 
20 -NRioC(0)OR9, -NRioC(0)Ri3, -C(NRio)NRioRl 1, -C(NCN)NRioRl 1, 
-C(NCN)SR9, -NRioC(NCN)SR9 , -NRioC(NCN)NRioRll, -NRioS(0)2R9, 
-S(0)ni'R9. -NRioC(0)C(0)NRioRll. -NRioC(0)C(0)Rio, thiazolyl, imidazolyl, 
oxazolyl, pyrazolyl, triazolyl, or tetrazolyl; 
qis 0, 1, or2; 

25 R12 is C3-7 cycloalkyl, (2-, 3- or 4-pyridyl), pyrimidyl, pyrazolyl, (1- or 2- 

imidazolyl), thiazolyl, triazolyl, pyrrolyl, piperazinyl, piperidinyl, morpholinyl, furanyl, (2- 
or 3-thienyl), (4- or 5-thiazolyl), quinoUnyl, naphdiyl, or phenyl; 
Rg is independently selected from hydrogen or R9; 
Rg- is Rg or fluorine; 
30 R9 is Cj^ alkyl optionally substituted by one to three fluorines; 

RlO is ORgorRu; 

Rl 1 is hydrogen, or C^^ alkyl optionally substituted by one to three fluorines; or 

when Rio and Rl 1 are as NRioRl 1 they may togetiier with the nitrogen form a 5 to 7 

memberedring optionaDy containing at least one additional heteroatom selected from O, N, 
35 orS; 

Rl3 is oxazolidinyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, imidazolyl, 
imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, or thiadiazoiyl, and each of these 
heterocyclic rings is connected through a carbon atom and each may be unsubstituied or 
substituted by one or two C1.2 alkyl groups; 
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Rl4 is hydrogen or R7; or when Rg and R] 4 are as NRgRi4 ihey may together 
with the nitrogen form a 5 to 7 membered ring oprionally containing one or more additional 
heteroatoms selected from O. N, or S; 

Rl5 is C(0)Ri4, C(0)NR4Rl4, S(0)2R7, or S(0)2NR4Rl4; 
5 provided that: 

(f) when Z is O, X is yR2, Y is oxygen, X2 is oxygen, X3 is hydrogen, s is 0. R2 
is CH3, and Ri is CH3, then R3 is other than CN; 

Cg) when Z is O, X2 is oxygen, X3 is hydrogen, s is 0, and X is YR2. then R3 is 
other than hydrogen; 

10 (h) when Z is N-0-CH2CH=CH2, X is YR2, Y is oxygen, X2 is oxygen, X3 is 

hydrogen, s is 0, R2 is CH3, and Ri is CH3, then R3 is other than CN; 

(i) when R12 is N-pyrazolyl. N-imidazolyl, N-triazolyl, N-pyrrolyl, N-piperazinyl, 
N-piperidinyl, or N-moiphoiinyl, then q is not 1; or 

0) when Z is O or =Z is 2-(l,3-dioxoIane) and R3 is CH3, CH2OH or CH2OC1-4 
15 alkyl then R1X2 is not C1-C3 alkoxy and X is not halogen, methoxy, ethoxy, methylthio, 
or eihylthio; 

or the phaimaceutically acceptable salts thereof. 

Another set of compounds of this invention are represented by Formula (II) 




20 ^ X3 (ID 

wherein: 

Rl is -(CR4R5)nC(0)0(CR4R5)mR6, -(CR4R5)nC(0)NR4(CR4R5)mR6, 
-(CR4R5)nO(CR4R5)mR6. or -(CR4R5)rR6 wherein the alkyl moieties may be oprionally 
substituted with one or more halogens; 
25 m is 0 to 2; 

n is 1 to 4; 

ris 1 to 6; 

R4 and R5 are independendy selected hydrogen or Ci-2 alkyl; 

R6 is hydrogen, methyl, hydroxyl, aryl, halo substituted aryl, aryloxyCl-3 alkyU 

30 halo substimted aryloxyCl-3 alkyl, indanyl, indenyl, C7-1 1 polycycloalkyi, 

tetxahydrofuranyl. furanyl, letrahydropyranyl, pyranyl, teirahydrothienyl, thienyl, 

tetrahydrothiopyranyl, thiopyranyl. C3.6 cycloalkyl, or a C4-6 cycioalkyl containing one or 

two unsaturated bonds, wherein the cycloalkyl and heterocyclic moieties is unsubsticuted or 

substituted by 1 to 3 methyl groups or one ethyl group; 

35 provided that: 

a) when R6 is hydroxyl, then m is 2; or 

6 
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b) when R6 is hydroxyl, then r is 2 to 6; or 

c) when R6 is 2-tetrahydropyranyl, 2-teirahydrothiopyraiiyl, 2-tetrahydrofuranyl, 
or 2-tetrahydrothienyl, then m is 1 or 2; or 

d) when is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-tetrahydrofiiranyl,or 
5 2-tetiahydrothienyl, then r is 3 to 6; 

e) when n is 1 and m is 0, then Rg is other than H in -(CR4R5)nO(CR4R5)mR6; 
X is YR2, halogen, nitro» NR4R5, or formyl amine; 

YisOorS(0)ni'; 
m' is 0, 1. or 2; 
10 X2isOorNR8; 

X3 is hydrogen or X; 

R2 is independently selected from -CH3 or -CH2CH3 optionally substituted by 1 or 
more halogens; 

s is 0 to 4; 

15 R3 is hydrogen, halogen, C1-4 alkyl. CH2NHC(0)C(0)NH2, halo-subsututed 

Ci-4 alkyl, -CH^CRg'Rg*, cyclopropyl optionally substituted by Rg', CN, ORg, 
CH20Rg, NRgRio, CH2NR8R10, C(Z')H, C(0)ORg^ C(0)NRgRia or CsCRg-; 

T is O, NR9. NORg, NNRgRg, NCN, C(-CN)2, CRgCN, CRgN02, 
CRgC(0)0R9, CR8C(0)NRgRg, C(-CN)N02. C(.CN)C(0)0R9. or C(-CN)C(0)NRgR8; 

20 Z" is C(r)Rl4, C(0)0Ri4, C(Y')NRioRl4, C(NRio)NRioRl4, CN. 

C(NORg)Ri4. C(0)NR8NRgC(0)R8, C(0)NR8NRioRl4, C(N0Ri4)Rg, 
C(NRg)NRioRl4. C(NRi4)NR8R8 CCNCN)NRioRl4, C(NCN)SR9, (2-, 4- or 
5-imida2olyl). (3-, 4- or 5-pyrazolyl), (4- or 5-tria2olyl[ 1,2,3]). (3- or 5-triazolyl[ 1,2,4]), 
(5-tetra2olyl), (2-, 4- or 5-oxazoiyl), (3-, 4- or 5-isoxazolyl). (3- or 5-oxadiazolyl[1.2,4]), 

25 (2-oxadiazolyl[13»4]). (2-thiadiazolyl[l,3.4]), (2-. 4-, or 5-thiazolyI), (2-. 4-. or 

5-oxazoiidinyl), (2-, 4-, or S-thiazolidinyl), or (2-, 4-, or S-imidazolidinyl); wherein aU of 
the heterocyiic ring systems may be optionally substituted one or more times by R14; 
risOorS; 

the remaining the subsuiuents for compounds of Fonnula (II). including, R7, q, 
30 R12. Rg, Rg', R9, RlO, Rl 1, Rl3, Rl4. and R15 have the same defminons given in 
regards to Fonnula (I),where applicable; 
provided that: 

f) when R12 is N-pyrazolyl, N-imidazolyl, N-triazolyl, N-pyrrolyl, N- 
piperazinyl, N-piperidinyi, or N-moipholinyl, then q is not 1; or 

g) when Z" is C(0)0Ri4 where R14 is lower alkyl and R3 is CN, then R1X2 
is not C1-C3 alkoxy and X is not halogen, methoxy, ethoxy. methylthio, or ethylthio; 

or the phamiaceutically acceptable salts thereof. 
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Detailed Description of the Invention 
This invention also lelates to a method of mediating or inhibiting the enzymatic 
activity (or catalytic activity) of PDE IV in a mammal in need thereof and to inhibiting the 
5 production of TNF in a mammal in need thereof, which comprises administering to said 
mammal an effective amount of a compound of Formula (I) or (H). 

Phosphodiesterase IV inhibitors are useful in the treatment of a variety of allergic 
and inflammatory diseases including: astiima, chronic bronchitis, atopic dermatitis, 
urticaria, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, eosinophilic 

10 granuloma, psoriasis, rheumatoid arthritis, septic shock, ulcerative colitis, Crohn's disease, 
repeifusion injury of the myocardium and brain, chronic glomerulonephritis, endotoxic 
shock and adult respiratory distress syndrome. In addition, PDE IV inhibitors are useful in 
the treatment of diabetes insipidus and central nervous system disorders such as depression 
and muiti-infarct dementia. 

15 The viruses contemplated for treatment herein arc those that produce TOT as a result 

of infection, or those which are sensitive to inhibition, such as by decreased replication, 
directly or indirectiy, by the TNF inhibitors of Formula (I) or (11). Such viruses include, 
but are not limited to HTV-l, HIV-2 andHIV-3, cytomegalovirus (CMV), influenza, 
adenovirus and tiie Herpes group of viruses, such as, but not limited to, Herpes zoster and 

20 Herpes simplex. 

This invention more specifically relates to a method of treating a mammal, afflicted 
with a human immunodeficiency virus (HIV), which comprises administering to such 
mammal an effective TNF inhibiting amount of a compound of Formula (1) or (U). 

The compounds of this invention may also be used in association with the veterinary 

25 treatment of animals, other than in humans, in need of inhibition of TNF production. TNF 
mediated diseases for treatment, therapeutically or prophylactically, in animals includis 
disease states such as tiiose noted above, but in particular viral infections. Examples of 
such viruses include, but are not limited to feline immunodeficiency virus (FTV) or other 
retroviral infection such as equine infectious anemia virus, caprine arthritis virus, visna 

30 virus, maedi virus and other lentiviruses . 

The compounds of this invention are also useful in treating yeast and fungal 
infections, where such yeast and fungi are sensitive to upregulation by TNF or will elicit 
TNF production in vivo. A preferred disease state for treatment is fungal meningitis. 
Additionally, the compounds of Formula (I) or (H) may be administered in conjunction with 

35 other drugs of choice for systemic yeast and fungal infections. Drugs of choice for fungal 
infections, include but are not limited to tiie class of compounds called the polymixins, such 
as Polymycin B, the class of compounds called the imidazoles, such as clotrimazole, 
econazole, miconazole, and ketoconazole; the class of compounds called the triazoles. such 
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as fluconazole, and itranazole, and the class of compound called the Amphotericins, in 
particular Amphotericin B and liposomal Amphotericin B. 

The compounds of Formula (I) or (II) may also be used for inhibiting and/or 
reducing the toxicity of an anri-fungal, and -bacterial or anri-viral agent by administering an 
5 effective amount of a compound of Formula (I) or (11) to a mammal in need of such 

treatment. Preferably, a compound of Formula (I) or (II) is administered for inhibiting or 
reducing the toxicity of the Amphotericin class of compounds, in particular Amphotericin B. 

Preferred compounds are as follows: 

When Ri for the compounds of Formula (I) or (II) is an alkyl substituted by 1 or 
10 more halogens, the halogens are preferably fluorine and chlorine, more preferably a Ci-4 
alkyl substituted by 1 or more fluorines. The preferred halo-substituted aUcyl chain length is 
one or two carbons, and most preferred are the moieties -CF3, -CH2F, -CHF2, 
-CF2CHF2, -CH2CF3, and -CH2CHF2. Preferred Ri subsritutents for the compounds of 
Formula (I) are CH2-cyclopropyl, CH2-C5.6 cycloalkyl, C4-6 cycloalkyl, C7.11 
15 polycycloalkyl, (3- or 4-cyclopentenyl), phenyl, tetrahydrofuran-3-yl, benzyl or Ci.2 alkyl 
optionally substituted by 1 or more fluorines, -(CH2)l-3C(O)O(CH2)0-2CH3, 
-(CH2)l-3O(CH2)0-2CH3, and -(CH2)2-40H. 

When the R] term is (CR4R5). the R4 and R5 terms are independently hydrogen or 
alkyl. This allows for branching of the individual methylene units as (CR4R5)n or 
20 (CR4R5)m; each repeating methylene unit is independent of the other, e.g., (CR4R5)n 

wherein n is 2 can be -CH2CH(-CH3)-, for instance. The individual hydrogen atoms of the 
rejjeating methylene unit or the branching hydrocarbon can optionally be substituted by 
fluorine independent of each other to yield, for instance, the prcfcrrcd Ri substitutions, as 
noted above. 

25 When Ri is a C7.1 1 polycycloalkyl, examples are bicyclo[2.2. l]-heptyl, 

bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl, tricyclo[5.2.1.02.6]decyl, etc. additional examples 
of which are described in Saccamano et aL, WO 87/06576, published 5 November 1987, 
whose disclosure is incorporated herein by reference in its entirety. 

Preferred Z terms are O, NCN, NR7, NOR14, NOR15, NNR4R14. NNR4R15, 

30 dimethyl ketal or dimethylthio ketal. More preferred are O or NOH. 

Preferred X groups for Formula (1) are those wherein X is YR2 and Y is oxygen. 
The preferred X2 group for Fonnula (I) is that wherein X2 is oxygen. The preferred X3 
group for Formula (I) is that wherein X3 is hydrogen. Preferred R2 groups, where 
applicable, is a Ci-2 alkyl optionally substimted by 1 or more halogens. The halogen atoms 

35 are preferably fluorine and chlorine, more preferably fluorine. More preferred R2 groups 
are those wherein R2 is methyl, or the fluoro- substituted alkyls, specifically a C1.2 alkyl, 
such as a -CF3, -CHF2. or -CH2CHF2 moiety. Most preferred are the -CHF2 and -CH3 
moieties. 
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Preferrcci R3 moieties aie C(0)NH2, OCRg, CN, C(Z')H, CH2OH, CH2F, 
CF2H, and CF3. More preferred are OCH and CN. Z' is preferably O or NORg. 

Preferred R7 moiedes include opdonally subsdtuted -(CH2)l-2Ccyclopropyl), 
-(CH2)0-2(cyciobutyl), -(CH2)0-2(cyclopentyl), -(CH2)0-2(cyclohexyl), -(CH2)0-2(2-, 3- 
5 or 4-pyTidyl). (CH2)r-2(2-iinidazolyl), (CH2)2C4-morpholinyl), (CH2)2(4-pipera2inyl), 
(CH2)l.2(2-thienyi), (CH2)l-2(4-thia2olyl), and (CH2)0-2phenyl; 

Prefeired rings when Rio and Ri 1 in the moiety -NRiqRi 1 together with the 
nitrogen to which diey are attached form a 5 to 7 membered ring opdonally containing at 
least one additional heteroatom selected from 0» N, or S include, but are not limited to 1- 
10 imidazolyl, 2-(R8)-l-imida2olyl, l-pyrazolyl, 3-(R8)-l-pyrazolyl, l-triazoiyl, 2-triazolyl, 
5-(R8)-l-tria2olyl, 5-(R8)-2-triazolyl, 5-(R8)-l-tetrazolyl, 5-(R8)-2-tetrazolyl, l-tctrazolyl, 
2-tetrazIoyl, morpholinyl, piperazinyl, 4-(Rg)-l-piperazinyl, or pyrrolyl ring. 

Prcfened rings when Rg and R14 in the moiety -NRgRu together with the nitrogen 
to which they are attached may form a 5 to 7 membered ring optionally containing at least 
15 one additional heteroatom selected from 0, N, or S include, but are not limited to 1- 
imidazolyl. l-pyrazolyl, l-triazolyl» 2-tria2oiyl, 1-tetrazolyI, 2-tetrazolyU morpholinyl, 
piperazinyl. and pyrrolyl. The respective rings may be additionally substituted, where 
applicable, on an available nitrogen or carbon by the moiety R7 as described herein for 
Formula (I). Illustrations of such carbon substitutions includes, but is not limited to, 
20 2-(R7)-l-imidazolyl, 4-(R7)-l -imidazolyl, 5-(R7)-l -imidazolyl, 3-(R7)-l-pyrazolyl, 
4-(R7)-l-pyra2olyl, 5-(R7)- l-pyrazolyl. 4-(R7)-2-triazolyl. 5-(R7)-2-triazolyl. 

4- {R7)-l-triazGlyl, 5-(R7)-l-triazolyl, 5-(R7)-l-tetrazolyl. and 5-(R7)-2-tetrazolyl. 
Applicable nitrogen substimtion by R7 includes, but is not limited to, l-(R7)-2-tetra2olyl, 
2-(R7)-l-tetrazolyl, 4-(R7)-l -piperazinyl. Where applicable, the ring may be substituted 

25 one or more times by R7. 

Preferred groups forNRgRH which contain a heterocyclic ring are 5-(Ri4)-l- 
tetrazolyl, 2-(Ri4)-l-imidazolyl, 5-(Ri4)-2-ietrazolyl, 4-(R 14)- 1 -piperazinyl, or 
^(R 15)-l-piperazinyl. 

Preferred rings for R13 include (2-, 4- or 5-imidazolyl), (3-, 4- or 5-pyrazolyl), (4- 
30 or 5-triazolyl[l ,2.3]), (3- or 5-£riazolyl[l ,2,4]), (5-tetrazolyl), (2-, 4- or 5-oxazolyl). (3-, 4- 
or5-isoxazolyl), (3-or 5-oxadiazolyl[l,2,4]), (2-oxadiazolyl[l,3,4]), 
(2-tiiiadiazolyl[1.3,4]). (2-, 4-, or 5-thiazolyl). (2-. 4-. or 5-oxazolidinyl), (2-, 4-. or 

5- thiazolidinyl). or (2-, 4-, or 5-imidazolidinyl). 

When the R7 group is optionally substimted by a heterocyclic ring such as 
35 imidazolyl. pyrazolyl, diazolyl, teirazolyl, or diiazolyl, the heterocyclic ring itself may be 
optionally substimted by Rg either on an available nitrogen or carbon atom, such as 
l-(R8)-2-imidazolyl, l-CR8)-4-imidazolyl, l-(R8)-5-imidazolyI. l-(R8)-3-pyrazolyl, 
l-(R8)-4-pyrazolyl, l-(R8)-5-pyra2olyl, l-(Rg)-4-triazolyl, or l-(R8)-5-triazolyl. Where 
applicable, the ring may be substimted one or more times by RS- 
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Preferred are those compounds of Fonnuia (I) wherein R] is -CH2-cyclopropyl, 
-012-05.6 cycloalkyl, -C4-6 cycloalkyl, tetrahydrofuran-3-yl, (3- or 4-cyclopemenyl), 
benzyl or -C1.2 alkyl optionally subscimted by 1 or more fluorines, and -(CH2)2-4 OH; 
is methyl or fluoro-substituied alk>'l, R3 is CN or OCRg; and X is YR2. 

Most preferred are those compounds wherein Ri is -CH2-cyclopropyl, cyclopentyl, 
methyl or CF2H; R3 is CN or OCH; X is YR2; Y is oxygen; X2 is oxygen; X3 is 
hydrogen; and R2 is CF2H or methyl, 

A prefeired subgenus of Formula (I) are the compounds of Formula (la) 
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wherein: 

Rl is CH2-cyclopropyl, CH2-C5-6 cycloalkyl, C4-6 cycloalkyl, C7.1 1 
polycycloalkyl, (3- or 4-cyclopcntenyl), phenyl, tetrahydrofuran-3-yl, benzyl or C1.2 alkyl 
optionally subsuwted by 1 or more fluorines. -(CH2)l-3C(O)O(CH2)0-2CH3, 
15 -(CH2)l-3O(CH2)0-2CH3, and -(CH2)2-40H; 

X is YR2, halogen, nitro, NR4R5, or formyl amine; 

Y is O or S(0)m'; 

m' is 0, 1. or2; 

R2 is -CH3 or -CH2CH3 optionally substituted by 1 or more halogens; 
20 R3 is hydrogen, C1.4 alkyl, halo-subsumted C1-4 alkyl CH2C(0)CC0)N, 

CH2NHC(0)C(0)NH2. CN, CH2OR8. C(Z')H, C(0)OR8, C(0)NR8Rio, orC^CRg; 
Z'isOorNORg; 

2 is 0, NR7, NOR14. NOR15, NNR4R14, NNR4R15, NCN, or =Z is 2-(l,3- 
dithiane), dimethylthio ketal, 2-( 1 ,3-dioxolane), or dimethyl ketal; 

25 R7 is -(CR4R5)qRi2 or Cj .5 alkyl wherein the R12 or C1.6 alkyl group is 

optionally substimted one or more times by C1.2 alkyl optionally substituted by one to three 
fluorines. -F, -Br, -CI, -NO2, -Si{R4)3, -NRioRn, -C(0)R8, .CO2R8, -ORg, -CN, 
-C(0)NRioRll, -OC(0)NRioRll. -0C(0)R8, -NRioC(0)NRioRli, -NRioC(0)Rii, 
-NRi0C(O)OR9, -NRioC(0)Ri3, -C(NRio)NRioRii. -C(NCN)NRioRii. 

3D -C(NCN)SR9, -NRioC(NCN)SR9 , -NRioC(NCN)NRioRll, -NRioS(0)2R9, 
-S(0)m'R9. -NRioC(0)C(0)NRioRn. -NRioC(0)C(0)Rio, thiazolyl, imidazolyl, 
oxazolyl, pyrazolyl, triazolyi, or tetrazolyl; 
q is 0,1, or 2; 

R12 is C3.7 cycloalkyl, (2-, 3- or 4-pyridyl), (1- or 2-imidazoiyl), piperazinyl, 
35 morpholinyl, (2- or 3-thienyl). (4- or 5-thiazolyl), or phenyl; 

Rg is independentiy selected from hydrogen or R9; 
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R9 is alkyl optionally substituted by one to three fluorines; 
RlOisORgorRii; 

Rjl is hydrogen or C 1.4 alkyl optionally substimted by one to three fluorines; or 
when Rio and Rn axe as NRioRi i they may together with the nitrogen form a 5 to 7 
5 membered ring optionally containing at least one additional heieroatom selected from N, 
orS; 

Rl3 is oxazolidinyl, oxazolyl. thiazolyl, pyiazolyl, triazolyl, tetrazolyl, imidazolyl, 
imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, or thiadiazolyl, and each of these 
heterocycliciings is connected through a carbon atom and each may be unsubsrituted or 
10 substituted by one or two C1.2 alkyl groups; 

Rl4 is hydrogen or R7; or when R8 and R 14 are as NR8R14 they may together 
with the nitrogen fonn a 5 to 7 membered ring optionally containing one or more additional 
heteroatoms selected ftom O, N, or S; 

Rl5 is C(0)Ri4, C(0)NR4Rl4. S(0)2R7, or S(0)2NR4Rl4; 
15 provided that: 

a) when Z is O, X is YR2, Y is oxygen, R2 is CH3, and Ri is CH3, then R3 is 
other than CN; 

b) when R12 is N-imid22olyl. N-triazolyl. N-pyrrolyl» N-piperazinyl, or N- 
morpholinyl, then q is not 1; 

20 or the pharmaceutically acceptable salts thereof. 

Exemplified preferred compounds of Formula (I) are: 

4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-l-one; 

4-(3,4-bisdifluoromethoxyphenyl)-4-cyanocyclohexan- 1 -one; 

4-cyano-4-(3-difluoromeihoxy-4-meihoxyphenyl)cyclohexan- 1 -one; 
25 4-cyano-4-(3-cyclopropyhnethoxy-4-methoxyphenyl)cyclohexan- 1 -one; 

4-cyano-4-(3-cyclopentyloxy-4-difluoromethoxyphenyl)cyclohexan- 1 -one; 

4-cyano-4-(3-cyciopropylmethoxy-4-difluoromethoxyphenyl)cyclohexan-l-one; 

4-cyano-4-(3-cyclopentyloxy-4-meihoxyphenyl)cyclohexan- 1-one oxime; 

4-(3-cyclopentyloxy-4-meihoxyphenyl)-4-formylcyclohexan-l-one; 
30 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohcxan-l-one dimethyl ketal; 

4-(3-cyclopentyloxy-4-methoxyphenyl)-4-formylcyclohexan-l-one dimethyl ketal; 

4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(hydroxymethyl)cyclohexan-l-one; 

4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(hydroxymethyl)cyclohcxan-l-one- 
dimethyl ketal; 

35 4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(fluoromethyl)cyclohexan- 1 -one; 

4-(3-cyclopeniyloxy-4-methoxyphenyl)-4-(fluoromethyl)cycIohexan-l-one dimethyl 

ketal; 

4-aminocarbonyM-(3-cyclopentyloxy-4-methoxyphenyI)cyclohexan- 1 -one ; 



12 



9750 



PCr/US93/02325 



4-aminocarbonyl-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan- 1 -one dimethyl 

ketal; 

4-(3-cyciopentyloxy-4-methoxyphenyI)-4-ethynylcyclohexan-l-one; 
4-(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynylcyclohex- 1 -one dimethyl ketal; 
4- (3,4-bisdifluoromethoxyphenyl)-4-ethynylcyclohexan- 1-one; 
4-(3,4.bisdifluoromethoxyphenyl)-4-cyanocyciohexan-l-one dimethyl ketaJ; 
4-(3.4-bisdifluoromethoxyphenyl)-4-fonnyicyclohexan-l-one dimethyl ketal; 
4-(3,4-bisdifluoromethoxy)-4-ethynyIcyclohex-I-one dimethyl ketal; 
4-(3,4-bisdifluoromethoxyphenyl)-4-(Dxamidomethyl)cyclohexan-l-one; 
4-aminomethyl-4-(3,4-bisdifluoromethoxyphenyl)cyclohexan-i-one dimethyl ketal; 
4-(3,4-bisdifiuoromethoxyphenyl)-4-(oxamidomethyl)cyclohexan- 1 -one dimethyl 

ketal; 

4-cyano-4-[3-cyclopentyloxy-4-(4-fluorobenzyloxy)phenyl]cyclohexan-l-one; 
4-cyano-4-[3-cyciopentyloxy-4-(4-fluorobenzyloxy)phenyl]cyciohexan- 1 -one 

oxime; 

4-(3-cyclopropylmethoxy-4.difluoromethoxyphenyl)-4-eihynylcyclohexan-l-one; 

4-cyano-4-(3-cyclopropmethoxy-4-methoxyphenyl)cycIohexan-l-one oxime. 

Preferred Z" groups are for compounds of the Formula (II) arc C(0)Ri4, 
C(0)0Ri4. C(O)NRi0Rl4, C(NRio)NRioRl4, CN, C(NOR8)Ri4. 
C(0)NR8NR8C(0)R8, C(0)NR8NRioRl4, C(NORi4)R8, C(NR8)NRioRl4. 
C(NRi4)NR8R8, C(NCN)NRioRl4, C(NCN)SR9, d-, 4- or 5-{Ri4}-2.imida2olyl), (1- 
, 4- or 5-{Ri4).3-pyrazolyl), (1-, 2- or 5-(Ri4}-4-triazolyl[U2,3]), (1-. 2-, 4- or 
5-{Rl4l-3-triazoIyl[U,4]), (1- or2.{Ri4]-5-tetrazolyl), (4- or 5-{Ri4}.2-oxazolyl), (3- 
or4-{Ri4}-5.isoxazolyl), (3-|Ri4)-5-oxadiazolyl[l,2,4]), 
(5- { Ri 4 J -3-oxadia2olyI[ 1 ,2»4] ), (5- { R 14 )-2-oxadiazolyl[ 1 .3,4]). 
(5-(Ri4}-2-ihiadiazolyl[l,3,4]).(4-or5-{Ri4}-2-thiazolyl),(4- or 
5-{Rl4}-2-oxa2oUdinyI), (4- or 5-(Ri4)-2-thia2olidinyl),(l-, 4- or 
5-{Ri4|-2-imida2olidinyl). The remaining preferred substituents for compounds of the 
Fomiula (H) are the same as those listed above for compounds of the Formula (I), where 
applicable. 

Exemplified preferred compounds of Formula (H) are: 

2-carbomethoxy-4-cyano-4-(3-cyclopeniyloxy-4-medioxyphenyl)cyclohexan-l-one; 

4-(3.4-bisdifluoromethoxyphenyI).2-carbomethoxy-4-cyanocyclohexan-i-one; 

2<arbomethoxy-4-cyano-4-(3-difluoromethoxy.4-methoxyphenyI)cyclohexan-l- 

one; 

2-carbomethoxy-i-cyano-4-(3-cyclopropylmethoxy-4.methoxyphenyl)cyclohexan- 

1-one; 

2-carbomethoxy-4-cyano-4-(3-cyclopenryIoxy-4-difluoromethoxy- 
phenyl)cyclohexan- 1 -one; 
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2-carbomethoxy-4<yano-4-(3-cyclopropylmethoxy-4-<iifluoromethox^ 
cyclohexan-l-one; 

2-aiTiinocarbonyl-4-cyano-4-(3-cyclopropylmeihoxy-4-methoxyphenyl)cyclohexan- 

1-one; 

5 4-cyan(>4r(3-cyclopropylmethoxy-4-difiuoromethoxyphenyl)-2-[2-(trimeth 
ethoxycarbonyl)]-cyclohexan-l-one; 

2-carboxy-4-cyano-4-(3-cyclopropyImethoxy-4-difluoromethoxy- 
phenyl)cyclohexan-l -one; 

4-(3-cyclopiopylmethoxy-4-difiuoromethoxyphenyl)-2,4-dicyanocyclohexan-l^ 

10 and 

2-aniinocarbonyl-4-cyano-4-(3-cyclopropylmethoxy-4-difluoromethoxy- 
phenyI)cyclohexan- 1-one. 

It will be recognized that some of the compounds of Foimula (I) and (II) may exist 
in both racemic and optically active fonns; some may also exist in distinct diastereomeric 
15 forms possessing distinct physical and biological properties. All of these compounds are 
considered to bo within the scope of the present invention. 

Some compounds of Formula (T) or (II) may exist in a tautomeric form, such as the 
enoL This may be represented by the =0 being exocyclic to the cyclohexane ring (or 

H ) as contrasted to the endocyclic or -C(-OH)=C(R)- moiety wherein the 
20 cyclohexane ring is now unsaturated in the 1-2 position, i.e. cyclohex-l-ene , or 

R and R is H in Formula (I) or Z" in Formula (II). It is also recognized 

that the 2-position of the ring in the endocyclic form can be substituted (R) such as in the 
compounds of Formula (11). 

The term "C1.3 alkyl", "C1.4 aikyl", "Ci.6 alkyl" or "alkyl" groups as used herein 
25 is meant to include both straight or branched chain radicals of 1 to 10, unless tiie chain 

length is limited thereto, including, but not limited to methyl, ethyl, n-propyl, isopropyl, n- 
butyl, sec-butyl, isobutyl, rerr-butyl, and the like. 

"Alkenyl" means both straight or branched chain radicals of 1 to 6 carbon lengths, 
unless the chain length is limited thereto, including but not limited to vinyl, 1-propenyl, 2- 
30 propenyl, 2-propynyl, or 3-methyl-2-propenyl. 

The term "cycloaUcyl" or "cycloallcyl alkyl" means groups of 3-7 carbon atoms, such 
as cyciopropyl, cyciopropylmethyl, cyclopentyl, or cyclohexyi. 

"Aiyl" or "aralkyl", unless specified otherwise, means an aromatic ring or ring 
system of 6-10 carbon atoms, such as phenyl, benzyl, phenethyl, or naphthyl. Preferably 
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the aryl is monocyclic, i.e, phenyl. The alkyl chain is meant to include both straight or 
branched chain radicals of 1 to 4 carbon atoms. 

"Heteroaryl" means an aromatic ring system containing one or more hcteroatoms, 
such as imidazolyl, triazolyl, oxazolyl, pyridyl, pyrimidyl. pyrazolyU pyrrolyl, furanyl, or 
5 thienyl. 

"Halo" means all halogens, i.e., chloro, fluoro, bromo, or iodo. 

"Inhibiting the production of IL-1 " or "inhibiting the production of TNF" means: 

a) a decrease of excessive in vivo IL-1 or TNF levels, respectively, in a human to 
normal levels or below normal levels by inhibition of the in vivo release of EL-l by all cells, 

10 including but not limited to monocytes or macrophages; 

b) a down regulation, at the translarional or transcriptional level, of excessive in vivo 
IL-1 or TNF levels, respectively, in a human to normal levels or below normal levels; or 

c) a down regulation, by inhibition of the direct synthesis of EL-l or TNF levels as a 
postranslational event. 

15 The phrase *'TNF mediated disease or disease states" means any and all disease 

states in which TNF plays a role, either by production of TNF itself, or by TNF causing 
another cytokine to be released, such as but not limited to IL-1 or IL-6. A disease state in 
which IL- 1 , for instance is a major component, and whose production or action, is 
exacerbated or secreted in response to TNF, would therefore be considered a disease state 
20 mediated by TNF. As TNF-B (also known as lymphotoxin) has close structural homology 
with TNF-a (also known as cachectin), and since each induces similar biologic responses 
and binds to the same ceUular receptor, both TNF-a and TNF-B are inhibited by the 
compounds of the present invention and thus are herein referred to collectively as 'TNF' 
unless specifically deUneated otherwise. Preferably TNF-a is inhibited. 
25 "Cytokine" means any secreted polypeptide that affects the functions of cells, and is 

a molecule which modulates interactions between cells in immune, inflammatory, or 
hematopoietic responses. A cytokine includes, but is not limited to, monokines and 
lymphoJdnes regardless of which cells produce them. 

The cytokine inhibited by the present invention for use in the treatment of a HIV- 
30 infected human must be a cytokine which is implicated in (a) the initiation and/or 

maintenance of T cell activation and/or activated T ceU-mediated HIV gene expression and/or 
replication, and/or (b) any cytokine-mediated disease associated problem such as cachexia or 
muscle degeneration. Preferrably, his cytokine is TNF-a. 

All of the compounds of Formula ([) and (II) are useful in the method of inhibiting 
35 the production of TNF, preferably by macrophages, monocytes or macrophages and 
monocytes, in a mammal, including humans, in need thereof. All of the compounds of 
Formula (I) and (II) are useful in the method of inhibiting or mediating the enzymatic or 
catalytic activity of PDE IV and in treatment of disease states mediated thereby. 
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METHODS OF PREPARATION: 



10 



15 



20 



25 



Preparing compounds of Fonnula (I) can be carried out by one of skill in the art 
according to the procedures outlined in the Examples, infra. The preparation of any 
remaining compounds of Fonnula (I) not described therein may be prepared by the 
analogous processes disclosed herein which comprise: 

a) for compounds wherein X and Xi are other than Br, I, NO2, amine, formyl 
amine, or S(0)m' when m' is 1 or 2, reacting a compound of Formula (2) 



wherein represents Ri as defined in relation to Formula (I) or a group convertable to Ri 
and X represents X as defined in relation to Formula (I) or a group convertable to X and X3 
represents X3 as defined in relation to Formula (I) or a group convcnable to X3 and Xi is 
H, with a lithium halide and a silyl halide in an appropriate solvent followed by reduction 
witii an appropriate reductant, such as a siloxane, to provide a compound of Formula (3) 
wherein X4 is a halide. Alternatively, reduction of a compound of Formula (2) wherein Xi 
is H with a suitable reductant, such as sodium borohydride, provides a compound of 
Fonnula (3) wherein X4 is OH. Reaction of such a compound of Formula (3) witii, for 
example, phosphorous trichloride, thionyl chloride, phosphorous tribromide, cupric 
bromide, or cartfon tetrabromide and triphenylphosphine, also provides a compound of 
Formula (3) wherein X4 is a halide; 



halide displacement by cyanide provides a compound of Formula (3) wherein X4 is CN. 
Reaction of a compound of Formula (3) wherein X4 is CN with an excess of an acrylate. 
such as methyl, ethyl, phenyl, benzyl or /-butyl acrylate, in the presence of a base, such as 
excess metal hydride or catalytic or excess quaternary amine base, such as 
benzyltrimetiiylaramonium hydroxide, in a suitable non-reacting solvent, such as 
tetrahydrofiiran or 1,2-dimethoxyethane when a metal hydride base is used or these solvents 
or acetonitrile when a quaternary amine base is used, then provides a compound of Formula 
(4) in which X4 is CN and R16 is an alkyl, phenyl, or benzyl group; 
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reaction of a compound of Formula (4) with a base, such as excess metal hydride, in a 
suitable non-reacting solvent, such as tetrahydrofuran or 1 .2-dimethoxyethane, at an 
elevated temperature then provides a compound of Formula (5) wherein X4 is CN and R16 
is an alkyl, phenyl, or benzyl group; 



alternatively, a compound of Formula (5) [a subset of the compounds of Formula (II)] may 
be obtained directiy from a compound of Formula (3) wherein X4 and R16 are as described 
above by reaction with an excess of an acrylate, such as methyl, ethyl, phenyl, benzyl, or f- 
butyl acrylate, with excess base, such as a meiaJ hydride, in a suitable non-reacting solvent, 
such as tetrahydrofuran or 1. 2-dimethoxyethane, at an elevated temperature. 

Treating a compound of Formula (5) with, e.g., sodium chloride in aqueous 
dimetiiylsulfoxide at elevated temperature, effects saponification and decarboxylation of the 
ester moiety to provide a compound of Formula (I) in which R3 is CN and Z is O. 
Alternatively, a compound of Formula (2) wherein Xi is H may be homologated to a 
compound of Formula (3) wherein X4 is C(X)Ri7 by any number of processes known in 
the ait, such as reaction with methyl methylsulfinyl-methyl sulfide and a base, such as 
sodium hydroxide, followed by treatment with, for example, alcoholic (R17OH) acid. 
Reaction of such a compound of Formula (3) wherein X4 is CXX)Ri7 with an excess of an 
acrylate. such as methyl, ethyl, phenyl, benzyl, or f-butyl acrylate, and with excess base, 
such as a metal hydride, in a suitable non-reacting solvent, such as tetrahydrofuran or 1.2- 
dimethoxyethane. provides a compound of Formula (4) wherein X4 is COOR17 and R16 
and Ri7 arc independentiy an alkyl, phenyl, or benzyl group. Reaction of a compound of 
Formula (4) wherein X4 is COORn and R16 and R17 are independently an alkyl, phenyl, 
or benzyl group with a base, such as excess metal hydride, in a suitable non-reacting 
solvent, such as tetrahydrofuran or 1, 2-dimethoxyethane, at an elevated temperamre then 
provides a compound of Formula (5) wherein Xi is CCXDRn and R16 and R17 are 
independentiy an alkyl, phenyl or benzyl group. Treatment of a such a compound of 
Formula (5) with, e.g., sodium chloride in aqueous dimethylsulfoxide at elevated 
temperature effect saponification and decarboxylation of the |3-keto ester moiety to provide 
a compound of Formula (I) wherein R3 is COOR17 and Z is O, although under certain 
reaction conditions, some compounds of Formula (I) wherein R3 is CCX3H and Z is O will 
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also be obtained. The carboxyl group of such a compound of Formula (I) may then be 
convened into a number of esters, in which R3 is COORg, or amides, in which R3 is 
CONRgRg, using any of the very wide varieties of standard u^sformarions known in the 
an. In some cases, the keto carbonyi of such a compound of Formula (I) may require 
5 protection as, e.g.. a ketal, prior to ester or amide formation, with liberation of the protected 
ketone under appropriate mild acidic conditions as the final step. The simple amide 
derivative, that in which R3 is CONH2 and Z is O, may be treated* after appropriate 
protection of the ketone, with a dehydrating agent to provide, after ketone deprotection, the 
compound of Formula (I) in which R3 is CN and Z is O. 

10 Compounds of Formula (I) wherein R3 is CHO and Z is O may be prepared from 

the compound of Formula (I) in which R3 is CN and Z is O after appropriate protection of 
the ketone as. e.g., a ketal. followed by reduction of the CN moiety with, e.g., di- 
isobutylaluminum hydride, followed by appropriate workup and ketone deprotection. 

Compounds of Formula (I) wherein R3 is CH2OH and Z is O may be prepared by 

15 reduction of the compound of Formula (I) in which R3 is CHO and =Z is a ketal protecting 
group with, e.g., sodium borohydride, followed by appropriate workup and ketone 
deprotection. 

Compounds of Formula (I) wherein R3 is CH2NRgRg and Z is O may be prepared 
by reduction of the compound of Formula G) in which R3 is CN and -Z is a ketal protecting 
20 group with. e.g.. lithium aluminum hydride or hydrogen in the presence of a catalyst, 

followed by appropriate workup, standard alkylation by Rg and then ketone deprotection. 

Compounds of Formula (I) wherein R3 is OH and Z is O may be prepared from the 
compound of Formula (I) in which R3 is CHO and =Z is a ketal protecting group by, e.g., 
Bayer-Villiger oxidation of the aldehyde and ester saponification to provide die compound 
25 of Formula (I) in which R3 is OH and =Z is a ketal protecting group, followed by ketone 
deprotection. 

Compounds of Formula (I) wherein R3 is halogen and Z is O may be prepared from 
the compound of Formula (I) in which R3 is OH and =Z is a ketal protecting group by, 
e.g.. dehydration to the olefin and hydrohalic acid addition to provide the compound of 
30 Formula (I) in which R3 is halogen and =Z is a ketal protecting group, followed by ketone 
deprotection. 

Compounds of Formula (I) wherein R3 is OCRg' and Z is O may be prepared 
from the compound of Formula (T) in which R3 is CHO and =Z is a ketal protecting group 
by reaction with a mixture of dime±yl (diazomethyl)phosphonate and potassium r-butoxide 
S5 or other suitable base, in an inert solvent, such as tetrahydrofuran, at reduced temperature, 
followed by appropriate workup and ketone deprotection to provide the compounds of 
Formula (I) wherein R3 is CsCH; altemarively. prior to ketone deprotection, alkylation of 
the acetylene under the appropriate conditions with a strong base followed by an alkylating 
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agent, RgL, wherein L is a leaving group and Rg* is not H, followed by ketone 
deprotecdon, provides compounds of Formula (I) wherein R3 is CeCRg'. 

Compounds of Formula (I) wherein R3 is CH2F and Z is O may be prepaid from 
the compound of Formula (1) wherein R3 is CH2OH and =Z is a ketai protecting group by 
treatment with diethyl-aminosulfur trifluoride (DAST) followed by ketone deprotecdon. 

Compounds of Formula (I) wherein R3 is CHF2 and Z is O may be prepared from 
the compound of Formula (I) wherein R3 is CHO and -Z is a ketal protecting group by 
treatment with diethylaminosulfur trifluoride (DAST) followed by ketone deprotection. 

Compounds of Formula a) wherein R3 is CF3 and Z is O may be prepared from the 
compound of Formula (3) wherein X2 is CF3 using the procedures described above for 
preparation of the compounds of Formula (I) wherein R3 is CN or COOR16 and Z is O; the 
compound of Formula (3) wherein X2 is CF3 may be prepared in turt) from the compound 
of Formula (2) wherein Xi is H either electrochemically by the method of Shono et aU J. 
Org. Chem., 56:2-4, 1991, or by treating a compound of Formula (6) 



wherein X5 is, e.g., bromine, with a metalhng agent, such as an alkyl lithium, in an inen 
solvent, such as tetrahydrofuran or 1,2-dimethoxyethane, at -78* C followed by the 
trifluoroacetic acid or difluoro acetic acid by the method of Nad ex a/. Jrvest, 71,1 959: 
Chem. Abstr., 53, No. 14977 and 53, No. 17933 .1959, to provide a compound of 
Formula (2) wherein Xi is CF3, which is then thioketalized with, e.g.. 1,3-propanedithiol 
and subsequentiy subjected to desulfurization with, e.g., Raney nickel 

The compounds of Formula (I) where R3 is Ci alkyl and Z is O may be prepared 
from the compound of Formula (I) wherein R3 is CH2OH and =Z is a protected ketone by 
reductive removal of the alcohol with lithium in ammonia, with aluminum hydride, or by 
conversion of the alcohol to the corresponding thiocarbamate followed by reduction with, 
e.g., tributyltin hydride or aiatkylsilyl hydride, and ketone deprotecdon; alternatively, the 
compounds of Formula (I) wherein R3 is Ci alkyl and Z is O may be prepared from the 
compound of Formula (I) wherein R3 is CHO and =Z is a protected ketone by thioketal 
formation, desulfurization and ketal deprotecdon. 

Compounds of Formula (I) where R3 is C2.4 alkyl or halogen substimted C2-4 
alkyl and Z is O may be prepared by analogous deoxygenation procedures from the 
corresponding alcohol derived from reaction of the compound of Formula (I) wherein R3 is 
CHO and =Z is a protected ketone with a metal alkyl or a halogen substituted C2-4 metal 
alkyl reagent and subsequent deprotecdon to liberate the -Z ketone. 
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Compounds of Formula. (I) wherein R3 is vinyl and 2 is O may be prepared by, 
e.g., Witdg or other olefinarion reaction of the compound of Formula (I) wherein R3 is 
CHO and s=Z is a protected ketone, and subsequent deprotecnon to liberate the =Z ketone. 
Compounds of Fonnula (I) wherein R3 is cyclopropyl and Z is O may be prepared 
5 from the compound of Formula (I) wherein R3 is vinyl and =Z is a protected ketone by 
reaction with, e.g., methylene iodide and zinc-copper couple, with subsequent deprotecnon 
to liberate the =Z ketone. 

Alternatively, certain compounds of Formula (I) wherein Z is O and R3 is C00R8 
(or COORi6) may be prepared by reducing the double bond of the cyclohexenone synthetic 

10 intermediates produced by the method of Parkinson and Pinhey. J. Chem. Soc. Peridn 
Trans. 1, 1053-7, 1991, incorporated herein by reference in its entirety. Similar double 
bond reduction of the corresponding synthetic intermediates wherein R3 is CN derived by 
analogous procedures using 4-cyano-3-cyclohexen-l-one and/or 4-cyano-2-cyclohexen- 1- 
one may provide certain compounds of Formula (I) wherein Z is O and R3 is CN. 

1 5 Most compounds of Formula (1) wherein Z is not O are prepared from the 

corresponding compounds of Formula (T) wherein Z is O by reaction with the appropriate 
amine , alcohol, or thiol, in the presence of a catalyst or with removal of water, if required, 
as described in the procedures outiined in the Examples, infra\ however, when R3 is CHO, 
this R3 group may require protection as, e.g., a ketal, during reaction followed by 

20 deproiection. 

b) Compounds of Formula (I) wherein X or X3 is formyl amine and Z is O may be 
prepared by formyiating, at the last step, a compound wherein =Z is a protected ketone and 
X is NH2, obtained by removal of a protecting group from the amine functionality; such 
protective groups are well known to those skilled in the art. See Greene, T. and Wuts. 

25 P.G.M., Protecting Groups in Organic Synthesis, 2nd Ed., John Wiley and Sons, New 
York (1991). 

c) Compounds of Formula (1) wherein X or X3 is Br or I and Z is O may be 
prepared from a similarly deprotecied amine by diazotization of the amine and diazonium 
displacement via S andmeyer reaction. 

30 d) Compounds of Formula (I) wherein X or X3 is NO2 and Z is O may be prepared 

from a similarly deprotected amine by oxidation of the amine to the nitro group. 

e) Compounds of Formula (I) wherein Y is S(0)m' when m' is 1 or 2 and Z is O 
may be prepared from the compounds of Formula (I) wherein Y is S by oxidation of the 
SR2 moiety under conditions well known to those skilled in the art. 

35 Compounds of Formula (II) wherein R14 in C(0)0Ri4 of the Z" group is other 

than an alkyl, phenyl, or benzyl group are obtained from compounds of Fonnula (5) or 
from other compounds of Formula (II) by standard transesterification procedures. 
Similarly, other compounds of the Formula (H), e.g., Z" amides, aldehydes, ketones, 
hydrazides, etc., may be prepared from other compounds of the Formula (II) by, e.g.. 
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standard functional group manipulation of the Z" group, either prcceeding or following 
functional group manipulation of the R3 group. In some cases, appropriate protection of 
certain chemically sensitive R3 groups and/or the keto (=0) moiety of the Formula (II) 
compound may be required during functional group manipulation of the Z" group, with 
subsequent deproiection providing the desired Formula (II) compound. Some such 
manipulations of the Z" group may be accomplished by the processes described in co- 
pending U.S. application serial number 862,030 filed 2 April 1992 and its corresponding 
continuation-in-pan application USSN 968,762 filed 30 October 1992. In other cases, 
some compounds of Formula (II) may be converted to other compounds of Fonnula (II) by 
manipulation of the R3 group using the general techniques described above and, when 
necessary, using appropriate protection and deprotection of chemically sensitive 
functionalities, such as the keto (=0) moiety or chemically sensitive moieties of the Z" 
group. Also, some compounds of Formula (II) may be prepared by reaction of an 
appropriate compound of Fonnula (I) with an appropriate base in the appropriate 
proportions under the appropriate conditions followed by reaction with a haloformate, such 
as methyl or ethyl chlorofoimate, or by treatment of an appropriate compound of Fonnula 
(I) with methyl methoxy magnesium carbonate; such compounds of the Formula (11) may 
then be converted to other compounds of the Formula (11) by the techniques described above 
and below. 

In addition, some compounds of the Formula (II) may be prepared by reacting a 
compound of the Formula (3) wherein Ri represents R] as defined in relation to Fonnula 
(L) or a group convenable to R] and X, X2 and X3 represent X, X2 and X3 as defined in 
relation to Formula (I) or a group convertable to X, X2 or X3 and R3 represents R3 as 
defined in relation to Formula (I) or a group convertable to R3, and X4 is CN with an 
excess of acrylonitiile in the presence of a base, such as excess metal hydride, or catalytic or 
excess quaternary amine base, such as benzyltrimetiiylammonium hydroxide, in a suitable 
non-reacting solvent, such as tetrahydrofuran or 1,2-dimethoxyethane when a metal hydride 
base is used or these sovents or acetonitrile when a quaternary amine base is used, to 
provide a compound of the Formula (7) 



wherein X4 is CN; reaction of a compound of the Formula (7) with a base, such as excess 
metal hydride, in a suitable non-reacting solvent, such as tetrahydrofuran or 1,2- 
dimethoxyethane, at an elevated temperature then provides a compound of the Formula (8) 
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wherein X4 is CN and X5 and X6 are both H; alternatively, a compound of the Formula (8) 
may be obtained diiecdy from a compound of Formula (7) wherein X4 is as described 
above by reaction with an excess of optionally R2-sufasrimted aciylonitrile. with excess 
base, such as a metal hydride, in a suitable non-reacting solvent, such as tetrahydrofuran or 
1,2-dimethoxyethane, at an elevated temperature. 

Treatment of a compound of the Formula (8) with an acid, e.g-, 6N hydrochloric 
acid at ambient or elevated temperature, in a solvent, such as ethanol, with or without a co- 
solvent, such as chloroform, provides a compound of Formula (9). 



Compounds of the Formula (10) 




wherein X5 is H, are prepared by heating compounds of the Formula (9) in a solution of 
hydrazoic acid generated in situ by, e.g., admixture of an alkalai metal azide, such as sodium 
azide, with an ammonium halide, such as triethylamine hydrochloride, in a polar non-protic 
solvent such as N-methylpyrrolidinone. 

Using the series of reactions outlined above begining with reaction of an appropriate 
compound of Formula (3) but with a 2-(R2)- or 3-(R2)-acryiate provides, respectively and 
sequentially, the 2,6-(R2)2- or 3,5-(R2)2-pinielates of Formula (4), the 2,6-(R2)2- or 3,5- 
(R2)2-2-(COORi6)-cyclohexanones of Formula (5) and then the 2,6-(R2)2- or 3,5-(R2)2- 
cyclohexanones of Formula 0). Similarly, starting with reaction of an appropriate 
compound of Formula (3) but with a 2,3-(R2)2- or 3,3-(R2)2-acrylate provides, 
respectively and sequentially, the 2,3,5,6-(R2)4- or 3,3,5,5-CR2)4-pimeIates of Formula 
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(4), the 2,3,5,6-(R2)4- or 3,3,5 ,5-(R2)4-2-(COORi6)-cyclohexanones of Fomiula (5) and 
ihen the 2,3,5,6-(R2)4- or 33,5.5-(R2)4-cyclohexanones of Fonnula (1). Likewise, 
stamng with reaction of an appropriate compound of Formula (3) but with a mixture of 
appropriate acr>'lates, e.g., methyl acrylate and methyl 3-(R2)- or 2,3-(R2)2-acrylate, 
5 provides, respecuvely and sequentially, e.g., 3-(R2)- or 2,3-(R2)2-pinielates of Fonnula 
(4), the 3-(R2)-, 5-(R2)-, 5,6-(R2)2-, or 2,3-(R2)2-2-(COORi6)-cyclohcxanones of 
Formula (5) and then the 3-(R2)- or 23-(R2)2-(R2)4-cycIohexanones of Formula (I). 
Alternatively, reacdon of an appropriate compound of Formula (1) with an appropriate base 
in the appropriate proportions under the appropriate conditions followed by reaction with an 

10 alkylating agent, R2L, wherein L is a leaving group, provides the 2-(R2)-, 2,2-(R2)2-» 2»6- 
(R2)2-. or 2»2,6,6-(R2)4-cyclohexanones of Formula (1); similar reaction of an 
appropriately alkylated compound of Formula (I), e.g., 3,5-(R2)2- o*" 2»6-(R2)2- 
cyclohexanone, provides, e.g., 2,3,5-(R2)3- or 2,2,6-(R2)3-cyclohexanone of Formula (I), 
respectively. Likewise, similar reaction of a compound of Formula (5) provides, e.g., 

15 2-(R2)-, 2,6-(R2)2-. or 2,6,6-(R2)3-2-(COORi6)-cyclohexanones of Formula (5); such 
compounds of Formula (5) may then be convened lo the corresponding compounds of 
Formula (I) by ester saponification and decarboxylation as described above. Such 
compounds of Formula (I) may then be convened to other compounds of Formula (I) using 
the general techniques and, when necessary, appropriate protection and deprotecrion of 

20 chemically sensitive functionalities, described above; likewise, such compounds of Formula 
(II) may be convened to other compounds of Formula (II) using the general techniques and, 
when necessary, appropriate protection and deprotection of chemically sensitive 
functionalities, described above. 

The following examples arc set out to illustrate how to make the compounds of this 

25 invention and methods for determining associated therapeutic activity. These examples are 
not intended to limit the invention in any manner, their purpose is illustrative rather than 
limiting. 

EXAMPLE 1 

30 2-Carbomethoxv-4-cvano-4-r3-cvclo pentvloxv-4-methQxvphenvn-cvclQhexan-l-one 
la. (3-CvclQpentvlQxv-4-methoxvphenvl)acetonitrile To a solution of 3- 
cyclopentyloxy-4-meihoxybenzaldehyde (20 g, 90.8 mmol) in acetoniirile (100 mL) was 
added lithium bromide (15 g, 173 mmol) followed by the dropwise addition of 
trimethylsilylchloride (17.4 mL, 137 mmol). After 15 min, the reaction mixmre was cooled 

35 to O^C, 1,1,3,3-tetrameihyidisiloxane (26.7 mL, 151 mmol) was added dropwise and the 
resulting mixture was allowed to warm to room temperamre. After stirring for 3h, the 
mixture was separated into two layers. The lower layer was removed, diluted with 
methylene chloride and filtered through Celite. The filtrate was concentrated under reduced 
pressure, dissolved in methylene chloride and refiltered. The solvent was removed in vacuo 
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to provide a light tan oi]. To a soiurion of this crude a-bromo-3-cyclopcntyloxy-4- 
methoxytoluene in dimethylformamide (160 mL) under an argon atmosphere was added 
sodium cyanide (10.1 g, 206 mmol) and the resulting mixture was stirred at room 
temperature for 18h, then poured into cold water (600 mL) and extracted three times with 
5 ether.. The organic extract was washed three times with water, once with brine and was 
dried (potassium carbonate). The solvent was removed in vacuo and the residue wa5 
purified by flash chromatography, eluting with 10% ethyl acetate/hexanes, to provide an 
off-white solid (17.7 g, 84%); m.p. 32-340C; an additional quantity (1.3 g) of slighdy 
impure material also was isolated. 

10 lb. Dimethyl 4-cvano-4-n- cvclopentvloxy-4-methoxvDhenvnpimelate To a solution of 
(3-cyclopentyloxy-4-methoxyphenyI)acetonitrile (7 g, 30.3 mmol) in acetonitrile (200 mL) 
under an argon atmosphere was added a 40% soiurion of Triton-B in medianol (1 .4 mL, 
3.03 mmol) and the mixture was heated to reflux. Methyl acrylate (27 mL, 303 mmol) was 
added carefully, the reaction mixture was maintained at reflux for 5h and then cooled. The 

15 mixture was diluted with ether, was washed once with IN hydrochloric acid and once with 
brine, was dried (magnesium sulfate) and the solvent was removed in vacuo. The solid 
residue was triturated with 5% ethanoVhexane to provide a white solid (9 g, 74%): m.p. 81- 
82*'C; and additional 1. 1 g (9%) was also obtained from the filtrate. 
Analysis Calc. for C22H29NO6: C 65.49, H 7.25, N 3.47; found: C 65.47, H 7.11, N 

20 3.49. 

Ic. 2-Caibomethoxv-4-cv ano-4-r3-cvclopentvloxV'4-methoxvDhenvncvcIohexan-l-Qne 

To a solution of dimethyl 4-cyanch4-(3-cyclopentyloxy-4-methoxyphenyl)pimeiate (5.9 g. 

14.6 mmol) in dry 1,2-dimethoxyethane (120 mL) under an argon atmosphere was added 

sodium hydride (80% suspension in mineral oil, 1.05 g, 43.8 mmol). The mixture was 
25 heated to reflux for 4.5h, then was cooled to room temperature and was stirred for 16h. 

Water was added and the reaction mixture was partitioned between ether and acidic water. 

The organic extract was dried (magnesium sulfate) and the solvent was removed in vacuo. 

The residue was purified by flash chromatography, eluting with 3:1 hexanes/ethyl acetate, to 

provide a white foam (4.9 g, 93%). 
30 Analysis Calc. for Ci9H23N03'l/4H20: C 67.09, H 6.84, N 3.72; found: C 66.92, H 

6.61, N 3.74. 

EXAMPLE 2 

4-(3.4-Bisdifluorome thoxvnhenvIV2-carbomethoxy-4-cvanocvclohexan-l-on& 
35 2a. 3,4-BisdifIuoromethQ xvbenzaldehvde A vigorously stirred mixture of 3,4- 

dihydroxybenzaidehyde (40 g, 290 mmol) and powdered potassium carbonate (120 g, 870 
mol) in dimetiiylformamide (500 mL) was heated under an atmosphere of 
chiorodifluoromethanc at SO^C for 7h and then was stirred at room temperature overnight. 
The mixture was diluted with ether and was filtered. The filiate was concentrated under 
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reduced pressure, the residue was partitioned between ether and aqueous potassium 
carbonate and was extracted five times with ether. The organic extract was washed with 
aqueous potassium carbonate and dried (potassium carbonate). The solvent was removed in 
vacuo and the residue was purified by flash chromatography, eluting with 4: 1 
hexanes/ether, to provide an oil (26.2 38%). 

2b- 3,4-Bisdifluoromethoxvh en2vl alcnhnl 3,4-Bisdifluoromethoxybenzaldehyde (26.2 
g, 1 10 mmol) in absolute ethanol (150 mL) was treated with sodium borohydride (8.32 g, 
220 mmol) under an argon atmosphere at room temperature for 0.5h. Ten percent aqueous 
sodium hydroxide (130 mL) was added, the ethanol was removed in vaciw, the mixture was 
partirioned between ether and water and was exracted twice with ether. The organic extract 
was dried (magnesium sulfate) and evaporated to a pale yellow oil (26.4 g, 100%). 
2c. 2-f3.4-Bisdifluoromethoxvohenvnacetf>nirrilt^. A solution of 3,4- 
bisdifluoromethoxybenzyl alcohol (26.4 g, 1 10 mmol) and pyridine (9.79 mL, 120 mmol) 
in chloroform (200 mL) under an argon atmosphere was treated with thionyl chloride (9.62 
15 mL, 130 mmol) and the mixture was healed at reflux for Ih. The solvent was removed, 
ether was added and the precipitate was removed by filtration. The filtrate was concentrated 
to a purple oil To a soludon of this 3, 4-bisdifluoromethoxy benzyl chloride in 
dimethylformamide (200 mL) under an argon atmosphere was added sodium cyanide (1 1.86 
g, 240 mmol). The resulting mixture was stirred and gently heated at 45^C for 3h, was 
20 cooled and was concentrated. The mixture was partitioned between ether and 5% aqueous 
sodium carbonate and was extracted five times with ether . The organic extract was washed 
once with brine, was dried (sodium carbonate) and the solvent was removed in vacuo to 
provide an oil (27 g). 

Dimethyl 4-cvano-4-(3.4-hisdifluommfit hoxvDhenvI^-4-cvanopimeIate To a solution 
25 of 2-(3,4-bisdifluoromethoxyphenyl)acetonitriie (27 g, 108 mmol) and a 40% solution of 
Triton-B in methanol (5 mL, 1 1 mmol) in acetonitrile (450 mL) under an argon atmosphere 
at room temperature was added methyl acrylate (48.6 mL, 540 mmol). After 20 min, 
aqueous hydrochloric acid (3N, 20 mL) was added and the mixture was concentrated. The 
residue was partitioned between water and ether, was extracted twice with ether, die ether 
30 layer was dried (magnesium sulfate) and evaporated in vacuo to provide a yellow oil (45.32 
g, 99%). 

2e. 4.(3.4-BisdifluoromethoxvDhenvn-2-rar b omethoxv-4-cvanocvclnhf^yan-^.nn^ . To a 
solution of dimethyl 4-(3,4.bisdifluoromethoxyphenyl)-4-cyanopimelate (45.32 g, 107 
mmol) in dry 1,2-dimethoxyethane (450 mL) under an argon atmosphere was added sodium 
35 hydride (80% dispersion in mineral oil, 13 g, 432 mmol). The resulting mixture was 
refluxed for Ih, was cooled to room temperature, was quenched with water and was 
concentrated The mixture was partitioned between ether and acidic brine, was extracted 
twice with ether, the organic layer was dried (magnesium sulfate) and the solvent was 



wo 93/19750 



PCr/US93/02325 



removed in vacuo. The residue was purified by flash chromatography, eluting with 3: 1 

hexanes/ethyl acetate, to provide a pa3e-orange oil (19.5 g, 46.6%). 

Analysis Calc for C17H15F4NO5: C 52.45, H 3,88, N 3.60; found: C 52.60, H 4.07. N 

3.22. 

5 

EXAMPLE 3 

2-CarfaQme thoxv-4-cvano-4-C3-difluoromethoxv-4-methoxvphenvncvclohexan-l-one 
3a. 3-Difluoromethoxv>4-m ethoxvbenzald^hy^ ft A vigorously sdrred mixture of 3- 
hydroxy-4-methoxybenzaidehydc (2.5 g, 16.4 mmol) and powdered cesium carbonate (5.6 

10 g, 17.2 mol) in dimethylformamide (50 mL) was heated under an atmosphere of 

chlorodifluoromethane at 8(PC for 4h. The mixture was allowed to cool, was poured into 
water and was extracted three times with ethyl acetate. The organic extract was dried 
(sodium sulfate) and the solvent was removed in vacuo. Purification by flash 
chromatography, eluting with 5% ethyl acetate/chloroform, provided an oil (2 g, 60%). 

15 3b. r3-Difluoromethoxv-4-m ethoxvDhenvnacetonitTile To 3-difluoromethoxy-4- 

methoxybenzaldehyde (2 g, 9.8 mmol) was added lithium bromide (1.7 g, 19,6 mmol) and 
acetonitrile (1 1 mL). Upon dissolution, the reaction mixture was cooled to O^C. 
Trimethylsilylchloride (1.86 mL, 14.7 mmol) was slowly added and the reaction mixture 
was allowed to warm to room temperature and was stirred for 15 min. The reaction mixture 

20 was again cooled to 0^0, 1, 13.3-tetramethyldisiloxane (2.6 mL, 14.7 mmol) was added 
and the resulting mixture was allowed to warm to room temperature. After stirring for 3h, 
the mbtture was separated into two layers. The lower layer was removed, diluted with 
methylene chloride and filtered. The filtrate was concentrated under reduced pressure, 
dissolved in methylene chloride and refiltered. The solvent was removed in vacuo to 

25 provide an oil. which was dissolved in dimethylformamide (10 mtL) under an argon 

atmosphere and treated with sodium cyaiude (1.08 g, 22 mmol). The resulting mixture was 
stirred at room temperamre overnight, then poured into cold water (250 mL) and extracted 
three times with etiiyl acetate. The organic extract was washed three times with water, once 
with brine and was dried (potassium carbonate). The solvent was removed in vacuo to 

30 provide a yellow oil (1.54 g, 74%), which was used witiiout purification. 

3c. Dimethyl 4 -cvanch4-r3-difluoromethoxv-4-methoxvphenvnpimelate To a solution 
of (3-difluoromethoxy-4-methoxyphenyl)acetonittile (1.54 g, 7.2 mmol) in acetonitrile (78 
mL) under an argon atmosphere was added a 40% solution of Triton-B in metiianol (0.33 
mL, 0.72 mmol). The resulting mixture was heated to reflux and methyl acrylate (1 3 mL, 

35 144 mmol) was added cautiously. After 3h, die reaction was coolai to room temperature, 
water was added and the mixture was concentrated. The residue was partitioned between 
aqueous hydrochloric acid and ethyl acetate, was extracted twice with ethyl acetate, the 
organic layer was dried (magnesium sulfate) and evaporated. Purification by flash 
chromatography, eluting with 2:1 hexanes/ethyl acetate, provided a foam (1.7 g, 61%). 
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15 



2- Carbomcthoxv-4-cv aiio-4-(3-difluoiT>m&thnxv-4-niethQxvDhenvncvclohexan- 1 - 
one To a suspension of sodium hydride (95%, 0.33 g, 13.2 mmol) in dry 1,2- 
dimethoxyethane (70 mL) under an argon aimospherc was added a solution of dimethyl 4- 
cyano-4-(3-difluoromethoxy-4-meihoxyphenyl)piinelate (1.7 g, 4.4 mmol) in dry 1,2- 

5 dimethoxycthane (70 mL). The resuldng mixnire was refluxed for 5h, cooled to room 
temperature, stirred overnight and quenched with water. The mixture was partitioned 
between ethyl acetate and acidic water, extracted three rimes with ethyl acetate, the organic 
layer was dried (magnesium sulfate) and the solvent was removed in vacuo. Purification by 
flash chromatography, eluring with 3:1 hexanes/ethyi acetate, provided an oil (0.51 g. 33%, 
10 51% based on recovered starting material). 

EXAMPLE 4 

2>Carbom ethoxv-4-cvano-4-(3-cvciopropvlmethoxv-4-methox\T3henvncvclQhexan-l-nnp 

3- CvcIonronvlmethoxv-4 -methoxvbenza]dehvde A vigorously stirred mixture of 3- 
hydroxy-4-methoxyben2aldehyde (20 g, 131 mmol), chloromethylcyclopropane (18.2 mL, 
197 mmol) and powdered potassium carbonate (27.3 g, 197 mol) in dimeihyiformamide 
(400 mL) was heated under an argon atmosphere at 80OC for 9h. The mixture was allowed 
to cool and was filtered through CeUte. The filtrate was concentrated under reduced 
pressure, the residue was extracted twice with ethyl acetate, the organic extract was washed 

20 five times with saturated aqueous sodium carbonate and was dried (sodium sulfate). The 
solvent was removed in vacuo to provide an off-white solid (21.2 g, 78%): m.p. 61-6900, 
g-CyclOPrC)Pvlmethoxv-4-methoxvphKnY^ l acetonirrile To 3-cyclopropylmethoxy-4. 
methoxybenzaldehyde (21.2 g, 103 mmol) was added lithium bromide (17.8 g, 206 mmol) 
and acetonitrile (1 10 mL). Upon dissolution, the reaction mixture was cooled to O^C. 

25 Trimethylsilylchloride (19.6 mL, 1 54 mmol) was slowly added and the reaction mixture 

was allowed to warm to room temperature and was stirred for 15 min. The reaction mixture 
was again cooled to 0oc, l,l,3.3-tetramethyldisiloxane (27.2 mL, 154 mmol) was added 
and the resulting mixture was allowed to warm to room temperature. After stirring for 2h, 
the mixture was separated into two layers. The lower layer was removed, was diluted with 

30 metiiylene chloride, was filtered and the filtrate was concentrated under reduced pressure; 
this procedure was repeated a total of three times. The resulting light tan oil was dissolved 
in dimeihyiformamide (90 mL) under an argon atmosphere and was treated with sodium 
cyanide (1 1.3 g, 232 mmol). The resulting mixture was stirred at room temperature for 2h, 
then poured into cold water and extracted twice witii ethyl acetate. The combined organic 

35 extract was washed three times with water, once witii brine and was dried (sodium sulfate). 
The solvent was removed in vacuo to provide an oil (21.4 g, 96%). which was used 
without purification. 



27 



wo 93/19750 



PCr/US93/02325 



4c. Dimethyl 4-cvano-4-r3- cvclopropvlmethoxv-4-methQxyphenvnDimelate To a 
solution of (3-cyclopropylmethoxy-4-methoxyphenyl)acetonitrile (21.4 g, 98.6 mmol) in 
acetonitrile (4CX) mL) under an argon atmosphere was added a 40% solution of Triton-B in 
methanol (4.5 mL, 9.9 mmol). The resulting mixture was heated to reflux and methyl 
5 acrylate (178 mL, 197 mmol) was added cautiously. After 3h, the reaction was cooled to 
room temperature and concentrated. The residue was partitioned between 10% aqueous 
hydrochloric acid and e±yl acetate, was extracted three times with ethyl acetate» the organic 
layer was dried (potassium carbonate) and evaporated Purification by flash 
chromatography, eluting with 2:1 hexanes/ethyl acetate, provided an oil (27 g, 71%). 
10 4d. 2-Carbomethoxv-4-cvano-4-('3-cvclopropvlmethoxv-4-methoxvphenvncvclohexan- 

1- one To a solution of dimethyl 4-cyano-4-(3-cycloprDpylmethoxy-4- 
methoxyphenyl)pimelate (10.4 g, 26.7 mmol) in dry U2-dimethoxyethane (500 mL) under 
an argon atmosphere was added sodium hydride (80% dispersion in mineral oil. 2.5 g, 31.2 
mmol). The resulting mixture was refluxed for 4h, cooled to room temperature and 

15 quenched with water. The mixture was partitioned between ethyl acetate and acidic water, 
extracted three times, the organic layer was dried (magnesium sulfate) and the solvent was 
removed in vacuo. The product was purified by flash chromatography, eluting with 2:1 
hexanes/ethyl acetate, to provide an oil (9 g. 95%). 

Analygig Calc. for C20H23NO5'l/8 H2O: C 66.79, H 6.52, N 3.89; found: C 66.62, H 
20 6.43. N 3.92. 

EXAMPLES 

2- Cari3omethoxv-4-cvano-4-('3-cvcInpent vloxv-4-difluoromethoxvphenvncvclohexan-l-Qne 
5a. 4-Difluoromethoxv-3-h vdroxvbenzaldehvdg. A vigorously stiired mixture of 3.4- 

25 dihydroxybenzaldehyde (50 g, 362 mmol) and powdered potassium carbonate (50 g, 362 
mol) in dimethylformamide (250 mL) was heated at lOO^C under an atmosphere of 
chiorodifluorometiiane using a -780C condenser for 5.5h. An additional quantity of 
potassium carbonate (10 g) was added and the reaction was continued for another 0.5h. 
The mixmre was allowed to cool, was acidified to pH 5-6 with concentrated hydrochloric 

30 add and was concentrated under reduced pressure. The residue was partitioned between 
ether and 3N aqueous hydrochloride and was extracted five times uith ether. The organic 
extract was dried (magnesium sulfate) and the solvent was removed in vacua. The residue 
was purified by flash chromatography, eluting with 2:1 hexanes/ethyl acetate, providing a 
yellow solid, which was triturated witii ethyl acetate/hexanes to provide, in three crops, a 

35 white solid (12.1 g, 18%): m.p. 84-860C. 

3-OcloDenrvloxv-4-dif IuorQmethnxvbenzaldehvde To a mixture of 3-hydroxy-4- 
difluorometiioxybenzaldehyde (2.9 g, 15 mmol) and powdered potassium carbonate (3.2 g. 
23 mmol) in dimethylformamide (15 mL) under an argon atmosphere was added 
bromocyclopentane (2.5 mL, 23 mmol) and the mixture was stirred and heated at 500C for 
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Ih and at 80-85^C for 1.5h. The mixture was allowed to cool and was partitioned between 
ethyl acetate and water. The organic extract was washed three times with water, was dried 
(sodium sulfate) and the solvent was removed in \acuo. Purification by flash 
chromatography, eluung with 20-30% ether^exanes, provided a yellow soild (3.5 g, 89%), 
5 5c. ('3-CvcloT3entv]oxv-4-difluoromethoxvTjhenvnacetonitTiIe To a solution of (3- 
cyclopentyloxy-4-difluoromedioxyphenyl)benzaldehyde (3.4 g, 13.4 mmol) in absolute 
ethanol (33 mL) under an argon atmosphere at room temperature was added sodium 
borohydride (1.06 g, 28 mmol). After 20 min, 10% aqueous sodium hydroxide (15 mL) 
was added, the ethanol was removed in vacuo and the aqueous residue was extracted three 

10 times with ether. The organic extract was washed twice with brine, was dried (magnesium 
sulfate) and evaporated to a pale yellow oil (3.44 g). A solution of this alcohol (1.52 g, 
5.89 mmol) and pyridine (0.48 mL, 6 mmol) in alumina-dried chloroform (15 mL) under an 
argon atmosphere was treated with thionyl chloride (0.52 mL, 7.08 mmol) and the mixture 
was heated at reflux for Ih. The solvent was removed, ether was added and the precipitate 

15 was removed by flltration. The filtrate was concentrated to a pale yellow oil, which was 
dissolved in dimethylformamide (10 mL) under an argon amiosphere and treated with 
sodium cyanide (0.58 g. 1 1.8 mmol). After stirring at room temperature for 72h, the 
mixture was partitioned between 5% aqueous sodium carbonate and ether. The organic 
extract was washed four times with water, was dried (potassium carbonate) and evaporated. 

20 Purification by flash chromatography, eluting with 15-20% ethyl acetaie/hexanes. provided 
a pale yellow solid (3.2 g, 90%): m.p. 39-410C. 

5d. Dimethyl 4-cvanch4-n-cvdopentvlox v-4-difluoromethoxvphenvnpimelate To a 
solution of (3-cyclopentyloxy-4-difluoromethoxyphenyl)acetonitrile (1.8 g, 6,7 mmol) in 
acetonitrile (35 mL) under an argon atmosphere was added a 40% solution of Triton-B in 

25 methanol (0.31 mL, 0.67 mmol). The resulting mixture was heated to reflux and methyl 
acrylate (6. 1 mL, 67.2 mmol) was added cautiously. After another 20 min, the reaction was 
cooled to room temperanire and concentrated. The residue was partitioned between aqueous 
hydrochloric acid and ether, the organic layer was dried (magnesium sulfate) and evaporated 
to an oil (3.1 g, 100%). 

30 5e. 2-Carbome thoxv-4-cvano-4-G-cvcloi3entvloxv-4-difluoromethQxv- 

phenvncvclohexan-l-one To a solution of dimethyl 4-cyano-4-(3-cyclopentyloxy-4- 
difluoromethoxyphenyOpimelate (3.1 g. 6.7 mmol) in dry 1,2-dimethoxyethane (50 mL) 
under an argon atmosphere was added sodium hydride (80% dispersion in mineral oil, 0.81 
g, 27 mmol). The resulting mixture was rcfiuxed for 20 min, additional 1,2- 

35 dimethoxyethane (50 mL) was added and the mixture was refluxed for another 70 min. The 
mixture was cooled to O^C, was acidified witii dilute hydrochloric acid and was 
concentrated The mixture was partitioned between ether and dilute hydrochloric acid, the 
organic layer was dried (magnesium sulfate) and the solvent was removed in vacuo. The 



29 



wo 93/19750 



PCT/US93/02325 



product was purified by flash chromatography, eluting with 85:15 hexanes/ethyl acetate, to 
provide a white solid (0.76 g, 37%): m.p. 109-110.5OC. 

An^ysi? Calc. for C21H23F2NO5: C 61.91, H 5.69, N 3.44; found: C 61.83, H 5.66, N 
3.39. 

5 

EXAlVfPT.K6 

2>Carbomethoxv-4^cvano^ {'3-cvclQpmDvlmethoxv-4-difluorQmethoxv- 
Dhenvncvcl ohexan-l-on^ 
6a. 3-Cvclopropvlmethoxv-4-difliioromet hoxvbenzaJrifihy^ y To a mixture of 3- 

10 hydrDxy-4-difluoromethoxybenzaldehyde (19.55 g, 104 mmol) and potassium carbonate 
(21.56 g, 156 mmol) in dimethylformamide (150 mL) under an argon atmosphere at 6OOC 
was added bromomethylcyciopropane (15.13 mL. 156 mmol) and the mixture was stirred 
and heated at 650C. After L5h, the mixture was allowed to cool and was filtered. The 
filtrate was concentrated under reduced pressure and the residue was partitioned between 

15 ethyl acetate and water and was extracted four times with ethyl acetate. The organic extract 
was washed twice with water and was dried (sodium sulfate). The solvent was removed in 
vacuo to provide an oil (26.4 g). 

6b. 3-Cvclopropvlmethoxv-4- difluQmmethoxvbenzvl alcnhnl Crude 3- 
cycIopropyImethoxy-4-difluoromethoxybenzaldehyde (26.4 g) in absolute ethanol (200 mL) 

20 was treated with sodium borohydride (8.23 g. 217 mmol) under an argon atmosphere at 
room temperature for 0.33h. Ten percent aqueous sodium hydroxide (150 mL) was added, 
the ethanol was removed in vacuo and the aqueous residue was extracted three times with 
ether. The organic extract was washed twice with brine, was dried (sodium sulfate), was 
filtered and was evaporated to a pale yellow oil (24.4 g). 

25 6c. 3-CvcloDropvlmethoxv^4 ^fIuoromethoxvben7vlchlnridft A solution of crude 3- 
cyclopropylmethoxy-4-difluoromethoxybenzyl alcohol (24.4 g) and pyridine (9.8 mL, 120 
mmol) in chloroform (150 mL) under an argon annosphere was treated with thionyl chloride 
(8.0 mL. 110 mmol) and the mixture was heated at reflux for Ih. The solvent was 
removed, ether was added and the precipitate was removed by filtration. The filtrate was 

30 concentrated to a pale yellow oil (26 g) . 

6d. (3-Cvc]OT)rQPvlmethnxv-4-diflunTnm& thoxvphenvnacetonitriI& To3- 
cyclopropylmethoxy-4-difluoromethoxybenz>'l chloride (26 g) in dimethylformamide (150 
mL) under an argon atmosphere was added sodium cyanide (9,7 g, 198 mmol). The 
resulting mixture was stirred at room temperature and heated gendy for 2h. then cooled and 

35 concentrated. The mixmre was partitioned between basic brine and ether and extracted 
twice. The organic extract was washed with brine and was dried (sodium sulfate). The 
solvent was removed in vacuo to provide an orange-brown oil (24 g), which was used 
without purification. 
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Dim&ihvl 4-cvano4-f3-c vclopropvlmethQxv-4-difluQromethQxvt)henvnpimelar^ . To 
a solution of crude (3-cyclopropyljnethoxy-4-difluoromethoxyphenyl)acetoritriIe (24 g) in 
aceionicriie (500 mL) under an argon atmosphere was added a 40% solution of Triton-B in 
methanol (4.3 mL, 9.5 mmol). The resuldng mixture was heated to reflux and methyl 
5 acrylate (43 mL, 470 mmol) was added cautiously. After 20 min, the reaction was cooled to 
room temperature and water and dilute hydrochloric acid were added and the mixture was 
concentrated The residue was parxiuoned between water and ether, the organic layer was 
dried (magnesium sulfate) and evaporated to an orange-brown oil (41 g). 

2-Carbomethoxv-4-cvano-4.(3-cvclnpr oDvlmethoxv-4-difluornmethnxv- 

^0 phgnyl)pyglphpxan- 1 -png To a suspension of sodium hydride (80% dispersion in mineral 
oil, 11,6 g, 388 mmol) in dry l»2-dimethoxyethane (700 mL) under an argon atmosphere 
was added a solution of crude dimethyl 4-cyano-4-(3-cyclopTopylmethoxy-4- 
difluoromethoxyphenyOpimelate (41 g) in dry 1.2-dimethoxycthane (700 mL). The 
resuldng mixture was heated at eO^C for Ih, cooled to room temperature, quenched with 

1 5 dilute aqueous hydrochloric acid and concentrated The residue was diluted with water, was 
acidified to pH 3 and was extracted twice with methylene chloride. The organic extract was 
washed with acidic water, was dried (sodium sulfate) and the solvent was removed in 
vacuo. Purification by flash chromatography, during with methylene chloride, followed by 
trituration with cold ether provided a solid (17.7 g, 43% from 3-cyclopropylmcthoxy-4- 
20 difluoromedioxybenzaldehyde): m.p. 1 15-1 160C. 

Analysk Calc. for C20H21F2NO5: C 61.06, H 5.38, N 3.56; found: C 61.16, H 5.40, N 
3.52. 

EXAMPLE? 

25 4-Cvano-4-(3-cvclopentv loxv-4-methoxvDhen vncvclohexan- 1 -nnft 

A mixture of 2-carbomethoxy-4-cyano-4-(3-cyclopentyloxy-4- 
methoxyphenyi)cyclohexan-l-one (0.80 g, 2.15 mmol), dimethyl sulfoxide (16 mL), water 
(1 mL) and sodium chloride (0.8 g) under an argon atmosphere was heated at 140-145OC 
forSh. The reaction mixture was cooled and concentrated The residue was purified by 

30 flash chromatography, during with 3: 1 hexanes/ethyl acetate, to provide a yellow solid 

Trituration with hexanes/ethyl acetate yielded a white soHd (0.52 g, 77%): m.p. 111-1 120C. 
Analysis Calc. for C19H23NO3: C 72.82, H 7.40, N 4.47; found: C 72.72, H 7.39, N 
4.48. 

35 EXAMPLE 8 

4-(3.4-Bisdifluoromethoxvphg nvn-4-cvanfy;vdohexan- 1 -nnf> 
A mixture of 2-carbomethoxy-4-(3,4-bisdifluoromeriioxyphenyl)-4- 
cyanocyclohexan-l-one (0.55 g, 1.4 mmole), dimethyl sulfoxide (8 mL), water (0.5 mL) 
and sodium chloride (0.5 g) under an argon atmosphere was heated at 140-145OC for 4h. 
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The reaction mixture was cooled to room teinp)eranire and concentraied. The residue was 
partidoned between ether and water, the organic layer was dried (magnesium sulfate) and 
the solvent was removed in vacuo. The product was purified by flash chromatography, 
eluting with 1:1 hexanes/ether. The residue was pararioned between water and ethyl acetate 
5 and the organic layer was evaporated to yield a yellow solid Trituration from the minimal 
amount of ethyl acetate/hexanes provided a solid (0.3 g, 63.6%): m.p. 64-66^C. 
Anste Calc. for C15H13NO3F4: C 54.39, H 3.96, N 4.23; found: C 54.25, H 3.96, N 
4.20. 



10 EXAMPLE 9 

4-Cvano-(3-difluoromethoxv-4-methoxyphenvncvclohexan- 1 -one 
A mixture of 2-carbomethoxy-4-cyano-4-(3-difluoromethoxy-4- 
methoxyphenyl)cyclohexan-l-one(0.51 g, 1.44mmole), dimethyl sulfoxide (11 mL), 
water (1 mL) and sodium chloride (0.53 g) under an argon atmosphere was heated at 15(PC 

15 for 5h. The reaction mixture was partitioned between ethyl acetate and water and extracted 
three times with ethyl acetate. The combined organic extract was washed twice with water, 
once with brine, was dried (potassium carbonate) and the solvent was removed in vacuo. 
The product was purified by flash chromatography, eluting with 2: 1 hexanes/eihyl acetate, 
to provide an oil (0.36 g, 85%). 

20 An^lygis Calc. for C15H15NO3F2 I/8 H2O: C 60.55, H 5.17, N 4.71; found: C 60.42, H 
5.07, N 4.77. 



EXAMPLE 10 

4-Cvano-r3-cv clopropvlmethoxv-4'methoxvphenvncvciQhexan-l-one 
25 A mixture of 2-carbomeihoxy-4-cyano-4-(3-cyclopit)pylmethoxy-4- 

methoxyphenyl)cyclohexan-i-one (1.7 g, 4.7 mmole), dimethyl sulfoxide (34 mL), water 
(3 mL) and sodium chloride (1.6 g) under an argon atmosphere was heated at 150^ for 4h, 
was stirred at room temperature overnight and was concentrated. The residue was 
partitioned between ethyl acetate and water and extracted three times with ethyl acetate. The 
30 combined orgaitic extract was washed twice with water, once with brine, was dried 

(magnesium sulfate) and the solvent was removed in vacuo. The product was purified by 
flash chromatography, eluting with 2:1 hexanes/ethyl acetate, to provide a solid (1,09 g, 
77%):m.p. 1.16-1 Igoc 

Analysig Calc. for CigH2lN03-l/8 H2O: C 71.68, H 7.10, N 4.64; found: C 71.51, H 
35 7.03, N 4.55. 
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EXAMPLE ] 1 

4-Cvano-4-(3-cvclopentvloxv-4-difiuoromethoxvphenvncvclohexan- 1 -one 
A mixture of 2-carbomeihoxy-4-cyano-4-(3-cyclopentyloxy-4- 
5 difluaromethoxyphenyl)cyclohexan-l-one (0.98 g, 2.4 mmole), dimethyl sulfoxide {10 
mL), water (0.62 mL) and sodium chloride (0.62 g) under an argon atmosphere was heated 
at 145^0 for 5h. The reaction mixture was cooled to room temperature and concentrated. 
The residue was panirioned between eiher and water, the organic layer washed with water, 
was dried (magnesium sulfate) and the solvent was removed in vacuo. The product was 
10 purified by flash chromatography, eluting with 20-30% ethyl acetate/hexanes. The isolated 
residue was dissolved in ethyl acetate, this was washed twice with dilute sodium hydroxide, 
once with water, once with brine and then was dried and evaporated to yield a solid (0.2 g, 
23,6%): m.p. 76-78.50C. 

Analysis Calc. for Ci9H2lF2N03-l/6 H2O: C 64.76, H 6.10, N 3.97; found: C 64.76, H 
15 6.04, N 3.89. 

EXAMPLE 12 

4-Cvano-4-(3-cvclopropvlmethoxv-4-difluQromethoxvphenvl)cvclohexan-l-one 
A mixture of 2-carbomethoxy-4-cyano-4-(3-cyclopentyloxy-4- 
difluoromethoxyphenyl)cyclohexan-l-one (0.5 g, 1.27 mmole), dimethyl sulfoxide (10 
mL), water (1 mL) and sodium chloride (0,5 g) under an argon atmosphere was heated at 
145-150OC for 4.5h. The reaction mixture was cooled to room temperature and 
concentrated. The residue was partitioned between ethyl acetate and water, extracted twice 
with ethyl acetate, the organic layer was washed twice with water and once with brine, was 
dried (sodium sulfate) and the solvent was removed in vacuo. The product was purified by 
flash chromatography, eludng with 20-25% ethyl acetate/hexanes. and the resultant solid 
was triturated with ether/hexane and then with cold ether 10 provide a solid (0.22 g, 51.6%): 
m.p. 85.5-86.50C. 

Analysis Calc. for C18H19F2NO3: C 64.47, H 5.71, N 4.18; found: C 64,28, H 5.63, N 
4.20. 

EXAMPLE 13 

4-Oano-4-r3-cvclope ntvloxv-4-methoxvphenvncvclohexan-l-one oxime 
To a solution of 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-l-one 
35 (0.125 g, 0.4 mmol) in pyridine (2 mL) was added hydroxylamine hydrochloride (0.031 g, 
0.44 mmol), the mixture was stirred at room temperature under an argon atmosphere for 4h 
and the solvent was evaporated. The mixture was partitioned between water and ethyl 
acetate, was extracted twice with ethyl acetate, the organic extract was dried (potassium 
carbonate) and the solvent was removed in vacuo. Purification by flash chromatography, 
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eludng with 25% ethyl acetateAiexanes, followed by trituration of the product with 

ether/hexanes provided a white solid (0.125 g, 95%): m.p. 50-53OC. 

Analysis Calc. for C19H24N2O3: C 69.44, H 7.37, N 8.53; found: C 69.35, H 7.47, N 

8.28, 

5 

EXAMPLE 14 

4-(3-Cvclopentvloxv-4-methoxvphenvn-4-formylcvclohexan-l-one 
14a. 4-Cvano-4-G-cvclopent vloxv-4-methoxvphenvncvclohexaji-l-one dimethyl ketal A 
mixture of 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyciohexan-l-one (0.5 g, 1.6 

10 mmol). trimethyi onhoformate (0.21 mL, 1,9 mmol) and a cataJytic amount of p- 

loluenesulfonic arid in methanol (20 mL) was heated gently under an argon atmosphere for 
2h. The mixture was cooled, was partidoned between aqueous sodium caitwnate and ethyl 
acetate, was extracted twice with ethyl acetate, the organic extract was dried (potassium 
carbonate) and the solvent was removed in vacuo to provide an oil (0.57 g, 99%). 

15 14b. 4-f3-Cvclo pentvloxv-4-methoxvphenyIV4-formvlcyclohexan-l-one dimethyl ketal 
A solution of 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-l-onc dimethyl 
ketal (0.57 g, 1.6 mmol) in toluene (20 mL) at room temperature under an argon atmosphere 
was treated with a solution of diisobuiylaluminum hydride (L5M in toluene, 2.7 mL. 4 
mmol). After 2h, a solution of saturated aqueous sodium bisulfite was added and the 

20 mixture was extracted twice with ethyl acetate. The organic extract was washed with 5% 
aqueous sodium carbonate, was dried (potassium carbonate) and the solvent was removed 
in vacuo to provide an oil (0.55 g, 96%). 

i4c. 4-r3-CvclQ pentyloxv-4-methoxvphenvn-4-formylcvclohexan- 1 -one 4-(3- 
Cyclopentyloxy-4-methoxyphenyl)-4-formylcyclohexan-l-one dimethyl ketal (0.1 g,0.28 

25 mmol) in ethyl acetate (2 mL) was treated with 3N hydrochloric acid (5 mL) and the mixture 
was stirred vigorously and gentiy heated for 10 min. The mixture was extracted twice with 
ethyl acetate. th& combined organic extracts were washed with 5% aqueous sodium 
carbonate, dried (potassium carbonate) and the solvent was removed in vacuo. This 
material, combined with that obtained from an identical reaction, was purified by flash 

30 chromatography, eluting widi 2% ethyl acetate/chloroform, to provide a white solid (0.1 g, 
57%): m.p. 55-570C. 

Analysis Calc. for C19H24O4: C 72.13, H 7.65; found: C 72.09. H 7.57. 

EXAMPLE 15 

35 4-(3-CvclQ pentvloxv-4-methoxvphenvn-4-(hvdroxvmethvncvclohexan-l-on& 
15a- 4-('3-CvclQ pentvloxv-4-methoxvphenvn-4-rhvdJOxvmethvncvclohexan-l.one- 
dimethvl ketal To a solution of 4-(3-cyclopentyloxy-4-methoxyphenyi)-4- 
fonnylcyclohexan-l-one dimethyl ketal (0.24 g, 0.66 mmol) in 1,2-dimetiioxy-ethane (5 
mL) under an argon atmosphere was added sodium borohydride (0.05 g. 1.3 mmol) and the 
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mixture was stirred at room temperature for 0.75h. Water was added, the mixture was 
partitioned between ether and water, was extracted twice with ether, the organic extract was 
dried (potassium carbonate) and evaporated to an oil (0. 19 g, 79%). 
15b. 4-(3-CvclQpentvloxv-4-methoxvphenvlV4-(hvdroxvmethvncvclohexan-l-one 4-(3- 
5 Cyclopentyloxy-4-methoxyphenyl)-4-(hydroxymethyl)-cyclohexan- 1-one dimethyl ketal 
(0,15 g, 0.41 mmol) in ether (2 mL) was treated with IN hydrochloric acid (2 mL) and the 
mixture was stirred vigorously and gently heated for 10 min. The mixture was extracted 
with ether, the combined organic extracts were washed with 5% aqueous sodium carbonate, 
dried (potassium carbonate) and the solvent was removed in vacuo. Purification by flash 
10 chromatography, eiuring with 25% ethyl acetate/chloroform, provided a wax (0.06 g, 56%). 
Analysis Calc. for C19H26O4: C 71.67, H 8.23; found: C 71.81, H 8.19. 

EXAMPLE 16 

4-f3-Cvclopentvlo xv>4-methoxvphenvn-4-ffluoromethvl)cvclQhexan- 1-one 

15 16a. 4-(3-Cvclopentvloxv-4- methoxvphenvn-4-(fluoromethvncvclohexan-l-one 
dimethyl ketal A solution of 4-(3-cyclopentyloxy-4-methoxyphenyl)-4- 
(hydroxymethyl)cyclohexan- 1-one dimethyl ketal (0.37 g, 1.02 mmol) in methylene 
chloride (5 mL) was added dropwise to a solution of diethylaminosulfur trifluoride (0.14 
mL, 1.02 mmol) at -780C under an argon atmosphere. The mixture was allowed to warni 

20 to room temperature and after 0.75h, 5% aqueous sodium carbonate was added. The 

mixture was extracted with chloroform, the organic extract was dried (magnesium sulfate) 
and the solvent was removed in vacuo to provide a yellow oil (0.3 g, 80%). 
16b. 4-(3-CvcloDentvloxv-4- methoxvphenvn-4-muoromethvncvclohexan-l-Qne 
4-(3-Cyclopcntyloxy-4-methoxyphenyl)-4-(fluoromethyl)cyclohexan- 1-one dimethyl ketd 

25 (0.35 g, 0.95 mmol) in ethyl acetate (2 mL) was treated with IN hydrochloric acid (2 mLj 
and the mixture was stirred vigorously and gentiy heated for 10 min. The mixture was 
extracted with ethyl acetate, the organic extract was washed with 5% aqueous sodium 
carbonate, dried (magnesium sulfate) and the solvent was removed in vacuo. Purification 
by flash chromatography, eluting with 25% ethyl acetate/hexanes, followed by trituration 

30 with etiier/hexanes, provided a white solid (0.075 g. 24%): m.p. 72 - 740C. 
Af^alygis Calc. for C19H25FO3: C 71.23, H 7.87; found: C 71.22, H 7.70. 

EXAMPLE 17 

4»Aminocarbonvl-4-f 3-cvclopentvloxv-4-methoxvphenvncvclQhexan-l-one 
35 17a. 4-Aminocarbonvl-4-r3-cvclQpentvl nxv-4-methoxvphenvncvc1ohexan-l-one 

dimethyl ketal A solution of 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-l- 
one dimethyl ketal (0.34 g, 0.95 mmol) and powdered potassium carbonate (0.7 g, 5.1 
mmol) in methanol (20 mL) and water (4 mL) at (PC was treated with hydrogen peroxide 
(30% solution, 2.55 mL). The mixture was allowed to warm to room temperature and, after 
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seven days, brine was added and the mixture was extracted with methylene chloride. The 
organic extract was washed twice with brine, dried (potassium carbonate) and the solvent 
was removed in vacuo. Purification by flash chromatography provided the amide (0.055 
15%) along with recovered starting material (0.25 g). 
5 17b. 4-AminocarbonvI-4-(3-cvclopentvloxv-4-methoxvphenvncvclohexan-l-one A 
mixture of 4-aminocarbonyl-4^(3-cyclopentyIoxy-4-medioxyphenyl)cyclohex- 1-one 
dimethyl ketal (0.055 g, 0.15 mmol) and p-toluenesulfonic acid (catalytic amount) in 20% 
aqueous acetone (5 mL) was stirred under an argon atmosphere at reflux for 8h. The 
mixture was cooled, diluted with water and extracted with methylene chloride. The organic 
10 extract was dried (magnesium sulfate) and the solvent was removed in vacuo to provide a 
hygroscopic, amorphous material (0.035 g. 72%). 

Analysis Calc. for Ci9H25N04-3/8 H2O: C 67.48, H 7.67. N 4.14; found: C 67.38. H 
7.54. N 3.86. 



15 EXAMPLE 18 

4-(3-CvclQpentvloxv-4-methoxvDhen vn-4-ethvnvlcvclohexan- 1 -one 
18a. 4-(3-CvclopentvIoxv-4-methoxvphen vl)-4-ethvnvlcvclohex- 1 -one dimethvl ketal To 
a solution of potassium r-butoxide (0.155 g. 1.38 mmol) in dry tetrahydrofuran (5 mL) 
under an argon atmosphere at -78^0 was added a solution of dimethyl 

20 (diazomethyOphosphonate (ca. 88% pure» 0.24 g, 1.38 mmol). After 0.25h, a solution of 
4-{3-cyclopentyloxy-4-methoxyphcnyi)-4-formylcyclohexan-l-one dimethyl ketal (0.42 g, 
1.15 mmol) in dry tetrahydrofuran (5 mL) was added dropwise and the mixture was 
allowed to stir at -780C under an argon atmosphere for 5h. Aqueous acetic acid was added, 
the mixture was concentrated, partitioned between methylene chloride and water and 

25 extracted twice. The organic extract was dried (magnesium sulfate) and evaporated. 

Purification by flash chromatography, eluting with 3:1 hexanes/ethyl acetate, provided an oil 
(0.13 g, 32%). 

iSb. 4-('3-Cvclopentvloxv-4-methoxvphenvl1-4-ethvn vlcvclohexan- 1 -one A mixture of 
4-(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynyicyclohex-l-one dimetiiyl ketal (0.13 g, 
30 0.36 mmol) and p-toluenesulfonic acid (catalytic amount) in acetone (5 mL) was stirred 
under an argon atmosphere at room temperature for 1.5h. The mixture was concentrated, 
diluted with ethyl acetate and washed with water. The organic extract was dried 
(magnesium sulfate) and the solvent was removed i/i vacuo to provide an oil (0.1 1 g. 97%). 
Analygig Calc. for C20H24O3-1/2 H2O: C 74.74. H 7.84; found: C 74.81, H 7,84. 
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EXAMPLE 19 

4-(3.4-BisdifluoromethoxvphenvlV4-ethvnvlcvclQhexan-l-one 
19a. 4-r3.4-Bisdifluorometho xvphenvn^-cvanocvclohexan-l-Qne dimethvl ketal A 
mixture of 4-cyano-4-(3,4-bisdifluoromethoxyphenyl)cyclohexan-l-one (1.34 g, 4.05 
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mmol), trimethyl orthoformate (0.53 mL, 4.85 mmol) and a catalytic amount of p- 
loluenesulfonic acid in methanol (40 mL) was heated gently under an argon atmosphere for 
2h. The mixture was cooled and then concentrated The residue was partirioned between 
5% aqueous sodium carbonate and ethyl acetate, was extracted twice with ethyl acetate, the 
5 organic extract was dried (potassium carbonate) and the solvent was removed, in vacuo to 
provide an oil (1.5 g, 98%). 

1^^- ^(3,4-BisdifluQrQmethny vphenvlV4-fnmivlcvclohexan-l-one dimethyl ketal A 
solution of 4-cyano-4-(3,4-bisdifluoromethoxyphenyi)cyclohexan-l-one dimethyl ketal (1.5 
g. 3.98 mmol) in toluene (50 mL) at room temperature under an argon atmosphere was 
10 treated with a solution of diisobutylaluminum hydride (IM in toluene, 10 mL, 10 mmol). 
After 4h, a solution of saturated aqueous sodium bisulfite was added and the mixture was 
extracted twice with ethyl acetate. The combined organic extract was dried (potassium 
carbonate) and the solvent was removed in vacuo to provide an oil (1.5 g, 99%). 
19c. 4-(3.4-Bisdifluoromethny v).4-ethvnvlcvclQhcx-]-one dimethvl toal To a 
1 5 suspension of potassium r-butoxide (0. 1 8 g, 1 .6 mmol) in dry tetrahydrofuran (5 mL) under 
an argon atmosphere at -780C was added a solution of dimethyl (diazomethyOphosphonate 
(ca. 90% pure. 0.27 g, 1.6 mmol) in tetrahydrofuran (5 mL). After 0.25h, a solution of 4- 
(3,4-bisdifluoromeihoxyphenyl)-4-fonnylcyclohexan-l-one dimethyl ketal (0.5 g. 1.3 
mmol) in dry tetrahydrofuran (5 mL) was added dropwise and the mixture was allowed to 
20 stir at -780C under an argon atmosphere for 10 min. Aqueous acetic acid was added, the 
mixture was concentrated and was partitioned between methylene chloride and water. The 
organic extract was dried (magnesium sulfate) and evaporated. Purification by flash 
chromatography, eluting with 3:1 hexanes/ethyl acetate, provided an oil (0.2 g. 41%). 
^9^* 4-(3.4-Bisdifluoromethnxv phenvlV4-&thvnvlcvclnhexfln- 1 .^^ ^ A mixture of 4- 
25 (3,4-bisdifluorometiioxyphenyI)-4^thynyIcyclohex-l-one dimethyl ketal (0.2 g, 0.53 

mmol) and p-toluenesulfonic acid (catalytic amount) in acetone (10 mL) was stined under an 
argon atmosphere at room 'temperature for 0.5h. The mixture was concentrated, was diluted 
with methylene chloride and was washed with water. The organic extract was dried 
(magnesium sulfate) and th6 solvent was removed in vacuo to provide an oil (0.17 g, 98%). 
Anabdsis Calc. for C16H14F4O3: C 58.19, H 4.27; found: C 58.30, H 4.40. 

EXAMPLE 20 

4-(3,4-BisdifluoromethoxvDhenvn^.( o xamidomethvlkvclnhe,Yan.l^n^ 
^Aminomethvl-4-(3,4-bisdifluoromRth oxvDhenvnnvcIohexan.1 -one dimethvl ketal 
A solution of 4-(3,4.bisdifluoromethoxyphenyl)-4-cyanocyclohexan-l-one dimethyl ketal 
(0.5 g, 1.33 mmoi) in tetrahydrofuran (3 mL) at room temperature under an argon 
atmosphere was added to a suspension of Uthium aluminum hydride (0. 1 g, 2.66 mmol) in 
tetrahydrofuran (4.5 mL). After 6h, ethyl acetate and saturated aqueous sodium potassium 
tartrate were added, followed by samrated aqueous sodium carbonate, and the mixmrc was 
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extracted four times with ethyl acetate. The organic extract was dried (potassium carbonate) 
and the solvent was removed in vacuo to provide an oil (0.43 g, 85%). 
20b. .4-(3,4-BisdifluoromethoxvT]h&nvn-4. roxamirinmftthvncvclohexan-l-one To a 
solution of4-aminomethyM-(3,4-bisdifluoromethoxyphenYl)cyclohexan-l-one dimethyl 
5 ketal (0.43 g, 1.13 mmol) and trieihylamine (0.16 mL, 1.13 mmol) in methylene chloride (7 
mL) under an argon atmosphere at -780C was added methyl oxalyl chloride (0.12 mL, 1.07 
mmol). After 5 min, water was added and the mixnire was partitioned between methylene 
chloride and acidic water and was extracted twice. The organic extract was dried (potassium 
carbonate) and evaporated to an oH (0.59 g). This oU in methanol (ca. 2 mL) in a pressure 

10 mbe was cooled to -780C and an equal volume of anhydrous ammonia was condensed into 
the tube. The tube was sealed, was allowed to come to room temperanire and was stirred 
under pressure for 6h. The ammonia was allowed to evaporate, the mixture was partitioned 
between chloroform and water and was extracted three times. The organic extract was dried 
(potassium carbonate) and evaporated to the ketal, an oil (0.6 g). This oil in tetrahydrofuran 

15 (1 3 mL) was treated with 5% hydrochloric acid (7.6 mL) and the mixture was stirred under 
an argon atmosphere at room temperature for 20h. The mixture was poured into acidic 
water, was extracted three times with methylene chloride, the organic extract was dried 
(potassium carbonate) and the solvent was removed in vacuo. Purification by flash 
chromatography, eluting with 5% ether/chloroform, followed by trituration with 
20 ether/methylene chloride, provided a white solid (0.21 g, 45%): m.p. 164-1650C. 

Analysis Calc. for C17H18F4N2O5: C 50.25. H 4.47, N 6.89; found: C 50.04, H 4.45, 
N 6.64. 

EXAMPLE 21 

4-Cvano-4-r3>cvcloDTDpvl methoxv-4-difluoromethnxvDhenvn-2-r2- 
(trimethvlsilvnethnyvrfl rbonvnicvrlohexan-l-nne 
A solution of 2-carbomethoxy-4-cyano-4-(3-cyclopropyhnethoxy-4- 
difluorometiioxy-phenyl)cyclohexan-l-one (0.18 g, 0.45 mmol) in 2"(trimethylsilyl)- 
ethanol (1.0 mL) was heated at I8OOC under an argon atmosphere for 2.5h. The mixture 
30 was cooled, was concentrated and the product was purified by flash chromatography, 
eluting with 3:1 hexanes/ether, to provide a colorless oil (0.2 g, 95%). 

EXAMPLE 22 

4-Cvano-4.r3-cvclot)entvloxv-4-r4-flnnmh p ,n2vlnxv^php,nvIlcvclQhexan.1.nnp 
35 A solution of 4-cyano-4-[3-cyclopentyloxy-4-methoxvphenyl)cyclohexan-l-one 

(0.75 g, 2.4 mmol) and concentrated hydrochloric acid (2 mL) in methanol (10 mL) was 
heated at reflux under an argon atmosphere for 2h. The mixture was cooled, was diluted 
with water and was extracted three times with methylene chloride. The organic extract was 
dried (magnesium sulfate) and was evaporated to the phenol (0.54 g, 92%). A vigorously 
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stirred mixnire of this phenol, 4-fluoroben2yl bromide (0.83 mL, 6.6 mmol) and potassium 
carbonate (0.92 g, 6.6 mmol) in dimethylformamide (12 mL) was heated under an argon 
atmosphere at 9(PC for 2h. The mixture was allowed to cool, was diluted with water and 
was extracted three times with ether. The organic extract was dried (magnesium sulfate) and 
5 the solvent was removed in vacuo. Purification by flash chromatography, eiuting with 30% 
ethyl acetate/hexanes, provided a white solid (0.6 g, 78%): m.p. 145-1460C. 
Analysis Calc. for C2 1 H20FNO3- 1/5 H2O: C 70.65, H 5.76, N 3.92; found: C 70.59, H 
5.59. N 3.99. 

10 EXAMPLE 2-^ 

4-Cvano-4-r3-cvdoDentvloxv-4.f4.nunrn benzvloxv^phenvncvclnhexan- 1 -one oxime 
A solution of 4-cyano-4-[3-cyclopentyloxy-4-(4- 
fiuorobenzyloxy)phenyl)cyclohexan-l-one (0.525 g, 1.49 mmol) and hydroxyiamine 
hydrochloride (0. 114 g, 1.63 mmol) in pyridine (5 mL) was was stirred at room 
15 temperature under an argon atmosphere for 18h. The mixture was partitioned between 11^ 
hydrochloric acid and methylene chloride, the organic extract was dried (magnesium sulfate) 
and the solvent was removed in vacuo. Purification by flash chromatography, eiuting with 
35% ethyl acetate/hexanes, provided a white solid (0.45 g, 82%): m.p, 55-570C. 

20 EXAMPLE 24 

4-(3-CvcloproDvlmethoxv-4-diflunrn methoxvphenvn-4-ethvnvlcvclQhexan-1-nne 
The title compound, prepared substantially as described above for 4-(3,4- 
bisdifluoromethoxyphenyl)-4-ethynylcyclohexan-l-one in EXAMPLE 19, was isolated as a 
solid: m.p. 75-770C . 
25 Analysis C:alc. for C19H20F2O3: C 68.25, H 6.03; found: C 67.93. H 6.10. 

EXAMPLE 25 

4-Cvana4-(3-cvcIoDropmethoxv-4 -methoxvphenvncvclf>hexan- l-one nxime 
The title compound, prepared substantially as described above for 4-cyano-4-(3- 
30 cyclopentyloxy-4-methoxyphenyl)cyclohexan- 1-one oxime in EXAMPLE 1 3, was isolated 
as a solid: m.p. IS-ll^Q . 

Analysis Calc. for Ci8H22N203'l/4 H2O: C 67.80, H 7.11, N 8.78; found: C 68.03, H 
7.08. N 8.59. 

35 EXAMPLE 26 

2-Aminocarbonvl-4-cvano-4-(3-cvclQprQpvl methoxv-4.methoxvphenv|>cvclnhexan-l-nnft 
26a. 2-Carbomethoxv-4-cvan a-4-(3>cvclopropvlmethnxv-4-methnxvphenvlVl- 
(methoxvmethvloxv)cvclQhex-Uene A solution of 2-carbomethoxy-4-cyano-4-(3- 
cyclopropylmethoxy-4-methoxyphenyl)cyclohexan- 1-one (1.0 g, 2.8 mmol) and sodium 
40 hydride (80% dispersion in mineral oil, 0.09 g, 3. 1 mmol) in dry hexamethylphosphoric 
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triamide (8 mL) was srirred under an argon atmosphere at rcx)m temperature for 0,5h. 
Chloromethylmethyl ether (0.26 mL, 3.4 mmol) was added and stirring was continued for 
4.5h. The mixture was partidoned between ethyl acetate and saturated aqueous sodium 
bicarbonate, was extracted three times, the organic layer was dried (sodium sulfate) and the 
5 solvent was removed in vacuo. The product was purified by flash chromatography, eluring 
with 3:1 hexanes/ethyl acetate, to provide a white solid (0.5 g, 44%): m.p. 98-99*5C 
26b. 2-Carfaoxv- 4-cvanQ-4-n-cvcloDrop vlmethox v-4-methoxvphen vn- 1 - 
("mgthoxvmethvloxv^cvclohex-l -enft A solution of 2-carbomethoxy-4-cyano-4-(3- 
cyclopropylmethoxy-4-methoxyphenyl)-l-(methoxymethyloxy)cyclohex-l-ene (0.5 g, 1.25 
10 mmol) and potassium hydroxide (0.21 g. 3.75 mmol) in methanol (13 mL), 

tetrahydiDfuran (5 mL) and water (7.5 mL) under an argon atmosphere was heated at 650C 
for 3h. The mixture was partitioned between methylene chloride and acidic water, was 
extracted twice, the organic layer was dried (magnesium sulfate) and the solvent was 
removed in vacuo. Purification by flash chromatography, eluting with 5% 
15 methanol/chloroform, provided an oil (0.26 g, 54%). 

26c. 2TAminocarfaonvl-4-cvanQ-4-f3-cvcln proDvlmethoxv-4-methoxvDhenvlVl- 
(methoxvmethvloxv^cvdnhfty-1 -<*np A mixture of 2-carboxy-4-cyano-4-(3- 
cyclopropylmethoxy-4-methoxyphenyl)-l-(methoxymethyloxy)cyclohex-l.ene (0.26 g, 
0.67 mmol), N-methyl moipholine (0.09 ml, 0.8 mmol) and isobutyl chloroformaie (0.1 
20 mL, 0.77 mmol) in dry 1,2-dimethoxyethane 0 mL) was stirred under an argon atmosphere 
at room temperature for 10 min. Ammonium hydroxide (0.07 mL, 1.0 mmol) was added 
and stilling was continued for 0.5h. The mixture was partitioned between methylene 
chloride and 5% aqueous sodium carbonate, was extracted three times, the organic layer 
was dried (potassium carbonate) and the solvent was removed in vacuo to provide a white 
25 solid (0.22 g, 85%): m.p. 120-122OC. 

26d. 2-Aminocarbonv]>4^cvanfv4-r3-cvclnprn p vlmethoxv-4-methoxvphpnvl>cvclohexan- 
l^ans A solution of 2-aminocarbonyl-4-cyano-4-(3-cyclopropylmethoxy-4- 
methoxyphenyl)-l-(methoxymethyloxy)cyclohex-l-ene (0.22 g, 0.57 mmol) in 50% 
aqueous acetic add (12 mL, containing 9 drops concentrated sulfuric acid per 30 mL) was 

30 heated at 750C under an argon atmosphere for 2h. The mixture was cooled, was partitioned 
between methylene chloride and water, was extracted twice, the organic layer was dried 
(potassium carbonate) and the solvent was removed in vacuo. Purification by flash 
chromatography, eluting with 5% methanol/chlorofonn, foUowed by crystallization from 
ether/methylene chloride, provided a white powder (0.07 g, 51%): m.p. 154-1550C. 

35 Analysis Calc. for Ci9H22N204*l/2 H2O: C 64.94, H 6.60, N 7.97; found: C 64.93, H 
6.56, N 7.61. 
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EXAMPLF. 77 

2.C3rb9yv-4-cvano.4.fW,TlopropYlniethnxv.4-difli.oromPrhnvv.ph.n„ M cvclnh.»n.Unn. 
4-Cvanp-4.n-cvcloDronvlm,.t>) oxv^.d;nnnmmethoxvnhP.nvn.?.f-). 
^ ^ffim?thYl<ii)vlV,,hoxvgarhonvl)]cvrlohrTRn-1.nnr A solution of 2-carbomethoxy-4-cyano- 
4-(3-cyclopn)pylniethoxy-4-difluoromethoxy-phenyl)cyclohexan-l-one (0.18 g. 0 45 
mmol) in 2-(trimethyIsilyl)ethanoI (1.0 mL) was heated at 180oc under an argon' 
atmosphere for 2.5h. The mixture was cooled, was concentrated and the product was 
punfied by flash chromatography, eJudng with 3: 1 hexanes/ether, to provide a colorless oil 
10 (0.2 g. 95%). 

2-Carh9Xv.4.cyiint>4-f3.ovrlnpmpvlmeihn«v.4w1if1.. ^ omerhnxvph.nYlv 
CVg|ph?xan-1-onr a soludon of 4-cyano^.(3^:yciopropylmethoxy^- 

difluorDmethoxyphenyl)-2-[2-(trimethylsilyI)ethoxycarbonyl)]cycIohexan-l-one(0.2g. 
0.42 mmol) and tetrabutylammonium fluoride (IM solution in tetiahydrofuran, 2 mL 2 
mmol) was sdrred at room tcmperamre under an argon amiosphere for 2.5h. TT,e mix'nne 
was poured into cold dilute aqueous hydrochloric acid, was extracted twice with ether the 
organx; extract was washed three rimes with ice water, was dried (sodium sulfate) and the 
solvent was removed in vacuo. Trituration of the residue provided a white powder (0 12 g 
77%):m.p. lI0-112oC(dec). 

Analysis Calc. for C19H19F2NO5: C 60.16, H 5.05, N 3.69; found: C 60.25, H 5,07. N 
3 ^57 ■ 
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EXAMPIJ, 71^ 

^(3-CvcloprorYlmerhovv.^.r1ifl,,nTir,n,.,hnvvpH>ov.V^ 4-dicv.nrvv.l.K.v,p ....„. 
To a sritTBd solution of l-amino-4-(3-cyclopiopylmethoxy.4- 
difluoromethoxyphenyl]).2,4.dicyanocyclohex-l-ene (0.25 g. 0.696 mmol) in ethanol (2 
mL) was added 6N hydrochloric acid (0.6 mL) and the mixture was stirred for 1 5h at 
ambient temperature. Ute reaction was poured into ice water, was extracted three times with 
ether and the combined organic phase was washed with water, brine and was dried (sodium 
sulfate). The solvent was evaporated and the residue was purified by flash 
chromatography, eluring with 4% methanoVtoluene, and the residue wa^ triturated with 
ether to provide a white powder (0.08 g, 32%): m.p 142-1430C 
Analysis Calc. for C,9H,8F2N203.1/4 H20: C 62.55, H 5.1 1, N 7.68; found- C 62 69 
62.39. H: 5.05. 5.04, N 7.47, 7.43 ' 
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EXAMPLE 29 

2-Aminrtf:arh onvl-4-cvaTic>4-G-cvclopropvlniethoxv-4-difluQromethoxvphenvl^ 

JLone 

5 29a. 2-Carbomet hoxv-4-cvancMt-r3-cvclopropvlmethQxv-4-<iifluoromet^^ 1 - 

rmethoxvmethvloxv>cv clohex-l-ene The tide compound, prepared substantially as 
described above for 2-carboniethoxy-4-cyano-4-(3-cycIopropylinethoxy-4-methoxyphenyl)- 
l-(methoxyinethyloxy)cyciohex-l-ene in EXAMPLE 26a, was triturated with ether to 
provide white crystals (0.334 g, 77%): m.p. 81-82.50C. 
10 Analysis Calc. for C22H25F2NO6: C 60.41, H 5.76, N 3,20; found: C 60.32, H 5.80. N 
3.21. 

29b. 2"Carboxv^cvano^-f 3-cvclopropylmethoxv-4-difluoromethoxvphenvlVl- 
(methoxv methvloxv'icvclohex-l-ene The tide compound, prepared substantially as 
described above for 2-carboxy-4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-l- 

15 (methoxymethyloxy)cyclohex-l-enc in EXAMPLE 26b, was isolated as an oil. 

29c. 2-Aminocarbonvl-4-cva no^G-cvclopropvlmethoxv-4-difluorDmethoxvphen vlV 1 - 
(methox vm ethvloxv^cvclohex- 1 -ene The title compound, prepared substantially as 
described above for 2-aminocarbonyl-4-cyano-4-(3-cyclopropylmethoxy-4- 
methoxyphenyl)-l-(methoxymethyloxy)cyclohex-l-ene in EXAMPLE 26c, was isolated as 

20 an oil. 

29d. ^-ATninc)carbonvI-4-cvano-4-r3-cvcloDrc)Dvlmerhoxv ^ifluoromgthoxvphenvn- 
cvclQhexan>l-f>p^ The title compound, prepared substantially as described above for 2- 
aminocarbonyl-4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohcxan- 1-one in 
EXAMPUE 26d, was isolated as a white powder (0,025 g, 24%): m.p. 157-1590C. 
25 Analysis Calc. for C19H20F2N2O4.I/2H2O: C 58.91, H 5.46, N 7.23; found: C 58.86, 
H 5.32, N 6.95. 

METHODS OF TREATMENT 
In order to use a compound of Formula (I) or (U) or a pharmaceutically acceptable 
30 salt thereof for the treatment of humans and other mammals, it is normally formulated in 
accordance with standard phaimaceuticai practice as a pharmaceutical composition. 

The compounds of Formula (I) or (II), or a pharmaceutically acceptable salt thereof 
can be used in the manufacture of a medicament for the prophylatic or therapeutic treatment 
of any disease state in a human or other mammal which is mediated by inhibition of PDE 
35 IV, such as but nor limited to astimia, allergic, or inflammatory diseases. The compounds 
of Formula (I) or (II) are administered in an amount sufficient to treat such a disease in a 
human or other mammal. 

For the purposes herein all methods of treatment and dosage regimens apply equally 
to both the compounds of Formula (I) or (II). 
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In order to use a compound of Foimuia (1) or (11), or a phaimaceurically acceptable 
salt thereof for the treatment of humans and other mammals, it is normally formulated in 
accordance with standard pharmaceudcal pracQce as a pharmaceutical composition. 

The amount of a compound of Formula (I) or (U) required for therapeutic effect on 
5 topical administration will, of course, vary with the compound chosen, the nature and 
severity of the condition and the animal undergoing treatment, and is ultimately at the 
discretion of the physician. 

The daily dosage regimen for oral administration is suitably about .001 mg/kg to 
lOOmg/kg. preferably 0.01 mg/Kg to 40 mg/Kg, of a compound of Formula (I) or a 
10 pharmaceutically acceptable salt thereof calculated as the free base. The active ingredient 
may be administered from 1 to 6 times a day» sufficient to exhibit activity. 

No toxic effects are expected when these compounds are administered in accoidance 
with the present invention. 

15 UTILITY EXAMPLES 

EXAMPLE A 

Inhibitory gffect of comt^ounds of Formula (1) or ( m on in vitrn TNF production hv human 

monocytes 

The inhibitory effect of compounds of Formula (I) or (U) on in vitro TNF 
20 production by human monocytes may be determined by the protocol as described in Badger 
et aU EPO published Application 041 1 754 A2, February 6, 1991. and in Hanna, WO 
90/15534, December 27, 1990. 

EXAMPLE B 

25 Two models of endotoxic shock have been utilized to determine in vivo TNF activity 

for die compounds of Formula (I) or (II). The protocol used in tiiese models is described 
in Badgererc/.^EPOpublished Application 0 411 754 A2. February 6, 1991. and in 
Hanna, WO 90/15534, December 27, 1990. 

The compound of Example 1 herein demonstrated a positive in vivo response in 
30 reducing serum levels of TNF induced by the injection of endotoxin. 

EXAN^PLEC 
Isolation of PDE Isozymes 
The phosphodiesterase inhibitory activity and selectivity of the compounds of 
35 Formula (I) or (11) can be determined using a banery of five distinct PDE isozymes. The 
tissues used as sources of the different isozymes are as follows: 1) PDE lb, porcine aorta; 2) 
PDE Ic, guinea-pig hean; 3) PDE DI, guinea-pig hean; 4) PDE IV, human monocyte; and 5) 
PDE V (also called "la"), canine iracheaiis. PDEs la, lb, Ic and IE are partially purified 
using standard chromatographic techniques [Torphy and Cieslinski, Mol. Pharmacol, 
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37:206-214, 1990]. PDE IV is purified to kinetic homogeneity by the sequential use of 
anion-exchange foUowed by heparin-Sepharose chromatography [Torphy et aL, J. Biol. 
Chem., 267:1798-1804, 1992]. 

Phosphodiesterase activity is assayed as described in the protocol of Torphy and 
5 Cieslinsld. Mol. Phaimacol., 37:206-214, 1990. Positive ICso's in the nanomolar to 
range for compounds of the workings examples described herein for Formula (I) or (II) 
have been demonstrated 

EXAMPLED 

0 The ability of selected PDE IV inhibitors to increase c AMP accumulation in intact 

tissues is assessed using U-937 cells, a human monocyte cell line that has been shown to 
contain a large amount of PDE IV. To assess the activity of PDE IV inhibition in intact 
ceUs, nondifferentiated U-937 ceUs (approximately 105 ceUs/reaction tube) were incubated 
with various concentrations (0.01-1000 fiM) of PDE inhibitors for one minute and IjiM 

5 prostaglandin E2 for an additional four minutes. Five minutes after initiating the reaction, 
cells were lysed by die addition of 17.5% perchloric acid, die pH was neutralized by the 
addition of IM potassium carbonate andcAMP content was assessed by RIA. A general 
protocol for this assay is described in Brooker et al,, Radioimmunassay of cyclic AMP and 
cycUcGMP.. Adv. Cyclic Nucleotide Res., 10:1-33, 1979. The compounds of die 

) working examples as described herein for Formula (I) or (H) have demonstrated a positive 
ECsos in the \iM range in the above assay. 
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What is claimed is: 

1. A compound of fonnula (I): 




5 wherein: 

R] is -(CR4R5)nC(O)0(CR4R5)mR6. -(CR4R5)nC(0)NR4(CR4R5)mR6, 
-(CR4R5)nO(CR4R5)niR6, or •(CR4R5)rR6 wherein the alkyl moieties may be optionally 
substituted with one or more halogens; 
m is 0 to 2; 
10 n is 1 to 4; 

r is 1 to 6; 

R4 and R5 arc independently selected hydrogen or Ci-2 alkyl; 
R6 is hydrogen, methyl, hydroxyl. aryl, halo substituted aiyl, aryloxyCi-3 aikyl, 
halo substiuited aiyloxyCi-3 alkyl, indanyl, indenyl, Cy.n polycycloalkyi, 
15 tetrahydrofmanyl, furanyl, tetrahydropyranyl, pyranyl, tetrahydrothienyl, ihienyl, 

tetrahydiothiopyranyl, thiopyranyl, C3-6 cycloalkyl, or a C4-6 cycioalkyl containing one or 
two unsaturated bonds, wherein the cycioalkyl and heterocyclic moieties may be optionally 
substituted by 1 to 3 methyl groups or one ethyl group; 
provided that: 
20 a) when R6 is hydroxyl, then m is 2; or 

b) when R^ is hydroxyl, then r is 2 to 6; or 

c) when R6 is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-tetrahydrofuranyl, 
or 2-tetrahydrothienyl, then m is 1 or 2; or 

d) when R^ is 2-tetrahydropyTanyl, 2-teirahydrothiopyTanyl, 2-teirahydrofuranyl, 
25 or 2-tetrahydrothienyl, then r is 1 to 6; 

e) when n is 1 and m is 0, then R^ is other than H in -(CR4R5)nO(CR4R5)mR6; 
X is YR2t halogen, nitro, NR4R5, or formyl amine; 

YisOorSCOW; 
m' is 0, 1, or 2; 
30 XaisOorNRg; 

X3 is hydrogen or X; 

R2 is indcpendentiy selected from -CH3 or -CH2CH3 optionally substituted by 1 or 
more halogens; 

s is 0 to 4; 
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R3 is hydrogen, halogen. C1-4 alkyl. halo-substituted C1-4 aUcyl, 
CH2NHC(0)C(0)NH2, -CH=CR8'R8'. cyclopropyl opdonally substituted by Rg', CN. 
ORg, CH2OR8, NRgRlO. CH2NR8R10, C(Z')H, C(0)OR8^ CCONRgRio. or teCRg'; 

X is O. NR9. N0R8, NCN, C(-CN)2, CRsCN, CR8NO2, CRgCCOORg, 
5 CR8C(0)NR8R8, C(-CN)N02. C(-CN)C(0)0R9, or C(-CN)C(0)NR8R8 ; 

Z is O, NR7. NCR4R5C2.6 alkenyl, NOR14, NOR15, NOCR4R5C2.6 alkenyl. 
NNR4R14. NNR4R15, NCN, NNR8C(0)NR8Rl4, NNR8C(S)NR8Ri4, or=Zis 
2-(l,3-dithiane), 2-(l,3-dithiolane), dimethylthio ketal, dieihylthio kctal, 2-(l,3-dioxolane), 
2(l,3-dioxane), 2-(l,3-oxathioIane), dimediyl ketal or diethyl ketal; 
10 R7 is -(CR4R5)qRi2 or C1.6 alJcyl wherein die R12 or Cj.^ alkyl group is 

optionally substituted one or more times by Ci-2 alkyl optionally substituted by one to three 
fluorines, -F, -Br, -CU -NO2, -Si(R4)3. -NRloRlh -C(0)Rg, -CO2R8, -ORg, -CN, 
-C(0)NRioRii. -OC(O)NRi0Rll, -OCCORg. -NRioC(0)NRioRii, -NRioC(0)Rii. 
-NRioC(0)OR9. -NRioC(0)Ri3, -C(NRio)NRioRlb -C(NCN)NRioRn> 
15 -C(NCN)SR9, -NRioC(NCN)SR9 , -NRioC(NCN)NRioRl i , -NRioS(0)2R9, 
-S(0)m'R9. -NRioC(0)C(0)NRioRii. -NRioC(0)C(0)Rio, thiazolyl, imidazolyl, 
oxazoiyl, pyrazolyl, triazolyl, ortetrazolyl; 

qis 0, l.or2; 

R12 is C3.7 cydoalkyl, (2-, 3- or 4-pyridyl), pyrimidyl, pyrazolyl, (1- or 2- 
20 imidazolyl), tiiiazolyl. triazolyl, pyrrolyl, piperazinyl, piperidinyl, morpholinyl, fiiranyl, (2- 
or 3-thienyl), (4- or 5-thiazolyl), quinolinyl, naphthyl, or phenyl; 
Rg is indepcndentiy selected from hydrogen or R9; 
Rg* is Rg or fluorine; 

R9 is Ci^ alkyl optionally substituted by one to three fluorines; 
25 Rio is ORg or Rii; 

Rll is hydrogen, or Cj^ alkyl optionally substituted by one to three fluorines; or 
when Rio and Rn are as NRioR] l tiiey may together with the nitrogen form a 5 to 7 
membered ring optionally containing at least one additional heteroatom selected from O, N, 
orS; 

30 R13 is oxazolidinyl, oxazoiyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, imidazolyl, 

imidazolidinyl, thiazolidinyl. isoxazolyl, oxadiazolyl. or thiadiazoiyl. and each of these 
heterocyclic rings is connected through a carbon atom and each may be unsubstimted or 
substituted by one or two C1.2 alkyl groups; 

Rl4 is hydrogen or R7: or when Rg and R14 are as NRgRu they may together 
35 with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional 
heteroatoms selected from O, N, or S; 

Rl5 is C(6)Ri4. C(0)NR4Ri4, S(0)2R7, or S(0)2NR4Ri4; 
provided that: 
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(0 when Z is O, X is YR2. Y is oxygen, X2 is oxygen, X3 is hydrogen, s is 0, R2 
is CH3, and R] is CH3, then R3 is odier than CN; 

(g) when 2 is O, X2 is oxygen, X3 is hydrogen, s is 0, and X is YR2. then R3 is 
other than hydrogen; 

5 (h) when Z is N-0-CH2CH=CH2, X is YR2, Y is oxygen, X2 is oxygen, X3 is 

hydrogen, s is 0, R2 is CH3, and Rj is CH3, then R3 is other than CN; 

(i) when R12 is N-pyrazolyl, N-imidazoiyl, N-triazolyl, N-pyrrolyl, N-piperazinyl, 
N-piperidinyi, or N-moipholinyl, then q is not 1 ; 

0) when 2 is 0 or =Z is 2-(1.3-dioxoiane) and R3 is CH3, CH2OH or CH20Cl-4 
10 alkyl then R1X2 is not C1-C3 alkoxy and X is not halogen, methoxy, ethoxy, methylthio, 
or ethylthio; 

or the pharmaceudcally acceptable salts thereof. 

2. A compound according to claim 1 which is 

4-cyano-4-(3-cyclopcntyloxy-4-medioxyphenyl)cyclohexan- 1 -one; 
15 4-(3,4-bisdifluoromethoxyphenyl)-4-cyanocyclohexan-l -one; 

4-cyano-4-(3-difluoromethoxy-4-methoxyphenyl)cyclohexan-l-one; 

4<yano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexan-l-one; 

4-cyano-4-(3-cyclopentyloxy-4-difluoromethoxyphenyl)cyclohexan- 1 -one; 

4-cyanc>-4-(3-cyclopropylmethoxy-4-dinuoromethoxyphenyl)cyclohexan-l-one; 
20 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-l-oneoxime; 

4-(3-cyclopentyloxy-4-methoxyphenyl)-4-fonnylcyclohexan- 1-one; 

4-cyano-4-(3-cyclopcntyioxy^methoxyphenyl)cyclohexan-l-one dimethyl ketal; 

4-(3-cyclopeniyloxy-4-methoxyphenyl)-4-fonnylcycIohexan-I-one dimethyl ketal; 

4-(3-cyciopentyloxy-4-medioxyphenyl)-4-(hydroxymethyl)cycIohexan-l-one; 

^5 ^{3-cyciopentyloxy-4-methoxyphenyl)-4-(hydroxymethyl)cyclohexan-l-one- 
dimethyl ketal; 

4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(fluoromethyl)cyclohexan- 1 -one; 
4-(3-cyclopcntyloxy-4-methoxyphenyl)-4-(fluoromeihyi)cyclohexan-l-one dimethyl 

ketal; 

^0 4-aminocarbonyl-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-l-one; 

4-aminocaitK>nyl-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan- l-one dimethyl 

ketal; 

4-(3-cyclopcntyloxy-4-methoxyphenyl)-4-ethynylcyclohexan- 1 -one; 
4-(3-cyclopentyloxy-4-methoxyphenyI)-4-ethynylcyclohex-l-one dimethyl ketal; 
15 4-(3,4-bisdifluoromethoxyphenyl)-4-ediynylcyclohexan- 1 -one; 

4-(3,4-bisdifluoromethoxyphenyl)-4-cyanocyclohexan- 1-one dimethyl ketal; 
4-(3,4-bisdifluoiomethoxyphenyI)-4-foiTnylcyclohexan- 1-one dimethyl ketal; 
4-(3,4-bisdifluoromethoxy)-4-ethynylcyclohex- 1-one dimethyl ketal; 
4-(3,4-bisdifluoromethoxyphenyl)-4-(oxamidomethyl)cycIohexan- 1 -one; 
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4-aininomethyl-4-(3,4-bisdifluoromethoxyphenyl)cyclohexan-l-one dimethyl ketal; 
4-(3,4-bi5difluon>methoxyphenyl)-4-(oxamidoineihyl)cyclohexan-l-one dimethyl 



ketal; 



4-cyano-4-[3-cyclopentyIoxy-4-(4-fluorobenzyloxy)phenyl]cycIohexan-l-one; 
5 4-cyano-4-[3-cyclopentyloxy-4-(4-fluorobenzyloxy)phenyl]cyclohexaii- 1-one 

oxime; 

4-(3-cyclopropylmethoxy-4-difluoromethoxyphenyl)-4-ethynylcyclohexan-l -one; or 
4-cyano-4-(3-cycIopropmethoxy-4-methoxyphenyi}cyclohexan-l-one oxime. 

3 . A phaimaceudcal composition compxising a compound of Foimula (I) 
10 according to claim 1 and a phannaceutically acceptable excipient. 

4 . A method for treating an allergic or inflammatory state which method 
comprises administering to a subject in need diereof an effective amount of a compound of 
Formula (I) according to claim 1 alone or in combination with a phaimaceutically acceptable 
excipient, 

15 5 . A compound of formula (D): 

^ ^3 (ID 

wherein: 

Rl is -(CR4R5)nC(0)0(CR4R5)mR6, -(CR4R5)nC(0)NR4(CR4R5)mR6. 
20 -(CR4R5)nO(CR4R5)mR6, or -(CR4R5)rR6 wherein the alkyl moieties may be optionally 
substituted with one or more halogens; 
m is 0 to 2; 
n is 1 to 4; 
rislto6; 

25 R4 and R5 are indcpendendy selected hydrogen or Ci-2 alkyl; 

R6 is hydrogen, methyl, hydroxyl, aryl, halo substituted aryl, aryloxyCi-3 alkyl. 
halo substituted aryloxyCi-S indanyl, indenyl, C7-II polycycloalkyl. 
tetrahydrofuranyl, fiiranyl, tetrahydropyranyl, pyranyl, tetrahydrothienyl, tiiienyl, 
tetrahydrothiopyranyl, thiopyianyl. C3-6 cycloalkyl. or a C4-6 cycloalkyl containing one or 
30 two unsaturated bonds, wherein the cycioalkj-l and heterocyclic moieties is unsubstituted or 
substimted by 1 to 3 methyl groups or one ethyl group; 
provided that: 

a) when R^ is hydroxy!, then m is 2; or 
- b) when R^ is hydroxyl, tiien r is 2 to 6; or 
35 c) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-terrahydrofuranyl, 

or 2-ietrahydroihienyl, then m is 1 or 2; or 
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d) when R6 is 2-tetrahydropyranyl, 2-ietrahydrothiopyraiiyl, 2-tetrahycirofuraiiyl.or 
2-tetrahy(irothienyl, then r is 1 lo 6; 

e) when n is 1 and m is 0, then R6 is other than H in -(CR4R5)nO(CR4R5)niR6; 
Xis YR2, halogen, nitro, NR4R5, orformyl amine; 

5 YisOorS(OW; 

m' is 0, 1, or 2; 
X2 isOor NR8; 
X3 is hydrogen or X; 

R2 is independently selected from -CH3 or -CH2CH3 optionally substituted by 1 or 
10 more halogens; 

s is 0 to 4; 

R3 is hydrogen, halogen, C1-4 alkyl, CH2NHC(0)C(0)NH2, halo-substituted 
Ci-4 alkyl, -CH=CR8'R8', cyclopropyl optionally substituted by Rg', CN, ORg, 
CH2OR8, NRgRio, CH2NR8R10, C(Z')H, C(0)ORg, CCONRgRio, or teCRg'; 
15 Z is O, NR9, NORg. NNRgRg, NCN, C(-CN)2, CRgCN, CR8NO2. 

CR8C(0)OR9, CR8C(0)NR8R8, C(-CN)N02, C{-CN)C(0)OR9, or C(-CN)C(0)NR8R8; 

Z" is C(r)Ri4. C(0)ORi4, C(Y')NRioRl4, C(NRio)NRioRl4. CN, 
C(NOR8)Ri4, C(0)NRgNR8C(0)R8. CCONRgNRioRH. C(NORi4)R8, 
C(NR8)NRioRl4. C(NRi4)NR8R8 C(NCN)NRioRl4. C(NCN)SR9, (2-, 4- or 
20 5-imida20lyl). (3-, 4- or S-pyrazolyl), (4- or 5-tria2olyl[ 1,2,3]), (3- or 5-tria2olyl[l,2,4]), 
(5-tetra2olyl), (2-, 4- or 5-oxazolyl), (3-, 4- or 5-isoxazolyl), (3- or 5-oxadiazoIyl[ 1,2,4]), 
(2.oxadiazolyl[l,3,4]), (2-thiadiazoIyl[ 1,3,4]), (2-, 4-, or 5-thiazolyl). (2-, 4-, or 
5-oxazolidinyl), (2-, 4-, or S-thiazolidinyl), or (2-, 4-, or 5-imidazoHdinyl); wherein aU of 
the heterocylic ring systems may be optionally substituted one or more times by R14; 
25 YisOorS; 

R7 is -(CR4R5)qRi2 or Ci^^ alkyl wherein the R12 or Ci.g alkyl group is 
optionally substituted one or more times by C1.2 alkyl optionally substituted by one to three 
fluorines, -F, -Br, -CI, -NO2, -Si(R4)3, -NRioRlL -C(0)R8, -CO2R8. -ORs. -CN, 
-C(0)NRioRil. -OC(0)NRioRli. -OC(0)R8, -NRioC(0)NRioRi 1, -NRioC(0)Rn, 
30 -NRioC(0)OR9, -NRioC(0)Ri3, -CCNRio)NRioRl 1. -C(NCN)NRioRn, 
-C(NCN)SR9, -NRioC(NCN)SR9 , -NRioC(NCN)NRioRii. -NRioS(0)2R9. 
■S(0)m'R9, -NRioC(0)C(0)NRioRii. -NRioC(0)C(0)Rio, ihiazoiyi, imidazolyl, 
oxazolyl, pyrazolyl, triazolyl, or tecrazolyl; 
qis 0, 1, or2; 

35 R12 is C3-7 cydoalkyl, (2-. 3- or 4-pyridyl), pyrimidyl, pyrazolyl, (1- or 2- 

imidazolyl). thiazoiyl, triazolyl, pyirolyl. piperazinyl, piperidinyl, morpholinyl, furanyl, (2- 
or 3-ihienyl), (4- or 5-thia2olyl), quinoHnyl. naphthyl, or phenyl; 

Rg is independentiy selected from hydrogen or R9; 

Rg' is Rg or fluorine; 
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R9 is Cij[ alkyl optionally substituted by one 10 three fluorines; 
RlOisORsorRu; 

Rll is hydrogen, or Ci_4 alkyl optionally substituted by one to three fluorines; or 
when Rio and Rn are as NRiqRi 1 they may together with the nitrogen fonn a 5 to 7 
5 membered ring optionally containing at least one additional hcteroatom selected from O, N. ^ 
orS; 

Rl3 is oxazolidinyl, oxazolyl, tiuazolyl, pyrazolyl, triazolyl, tetrazolyl, imidazolyl, ' 
imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, or thiadiazolyl, and each of these 
heterocyclic rings is connected through a carbon atom and each may be unsubstituied or 
10 substituted by one or two C1.2 alkyl groups; 

Rl4 is hydrogen or R7; or when Rg and R14 are as NR8R14 they may together 
with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional 
heteroatoms selected from O, N, or S; 

Rl5 is C(0)Ri4, C(0)NR4Rl4, S(0)2R7, or S(0)2NR4Rl4; 
15 provided that: 

f) when R12 is N-pyrazolyl, N-imidazolyl, N-triazolyl, N-pyrrolyl. N-piperazinyl, 
N-piperidinyl, or N-moipholinyl, then q is not 1; or 

g) when Z" is C(0)ORi4 where R14 is lower alkyl and R3 is CN. then R1X2 is 
not C1-C3 alkoxy and X is not halogen, methoxy, cthoxy» methylthio, or ethylthio; 

20 or the pharmaceutically acceptable salts tfiereof. 

6. A compound according to claim 5 which is: 

2-cari)omeUioxy-4-cyano-4-(3-cyclopentyloxy-4-meihoxyphenyl)cyclohexan-l-one; 
4-(3»4-bisdifluoromethoxyphenyl)-2-carbomethoxy-4-cyanocyclohexan- 1 -one; 
2-carbomethoxy-4-cyano-4-(3-difluorome±oxy-4-methoxyphenyl)cyclohexan- 1 - 

25 one; 

2-carbomethoxy-4-cyano-4-(3-cyclopropylmetiioxy-4-methoxyphenyl)cyclohexan- 

1-one; 

2-carbomethoxy-4-cyano-4-(3-cyclopentyloxy-4-difluoromethoxy- 
phenyl)cyclohexan-l-one; 

30 2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-difluoromethoxyphenyl)- 
cyclohexan-l-one; 

2-aminocarbonyl-4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexan- 

1-one; 

4-cyano-4-(3-cyciopn}pylmetiioxy-4-difluoromethoxyphenyl)-2-[2-(trimcthylsilyl)- 5 
35 ethoxycarbonyl)]-cyclohexan-l-one; 

2-carboxy-4-cyano-4-(3-cyclopropyImethoxy-4-difluoromethoxy- t 
phenyl)cy clohexan- 1 -one; 

4-(3-cyclopropylmethoxy-4-difiuoromethoxyphenyl)-2,4-dicyanocyclohexan-l-one; 

or 
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2-ammocarbonyl-4-cyano-4-(3-cyciopropylmethoxy-4-difluort>methoxy- 
phenyi)cyclohexan- 1 -one. 

7 . A pharmaceutical composition comprising a compound of Formula (II) 
according to claim 7 and a pharmaceutically acceptable excipient, 

8 . A method for treating an allergic or inflammatory state which method 
comprises administering to a subject in need thereof an effective amount of a compound of 
Formula (II) according to claim 6 alone or in combination with a pharmaceutically 
acceptable excipient 
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225-299. 

11. Claims 1 and 3-4, drawn to compounds, compoaitioiu and methods of use, wherein the compound of formula 
I contains none of the groups 1-10, supra, and wherein the compound has a NOH or NOR group, classified in Class 
564, subclasses 300-443. 



12. Claims 1 and 3-4, drawn to compounds, compositions and methods of use. wherein the compound of formula 

I contains none of the groups 1-11, supra, and whnein the compound hu a R-5-R group, classified in Class 568, 
subclass 38. 

13. Claims 1-4, dnwn to-e<Hhpounds, compositions and methods of use, wherein the compound of formula I 
contains none of the groups 1-12, supra, and wherein the compound hu a R<0-R group, clusified in CUss 568, 
subclass 579. 

14. Claims 5 and 7-8, dr^wn to compounds, compositions and methods of use wherein the compound of formula 

II contains a nitrogen-containing heterocycle, clusified in Classes 544, 546, 548. subclasses various. 

15. Claims 5 and 7-8, drawn to compounds, compositions and methods of use, wherein the compound of formula 
n. contains none of the compounds of group 14, supra, and where the compound contains a sulfur-containing heteroring, 
clusified in Class 549. subclasses 1-87. 

16. Claims 5 and 7-8, drawn to compounds, compositiotu and methods of use wherein the compound of formula 
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17. CUinu 5>S, dnwn to compoundi. compoihioni and methods of uk wherein the campound of fomuU Q 
contiini none of the groups 14-16, suprm, And the compound hu a cyano group, claiiiiied in Clast 5S8« subclaiscs 388- 
410. 

18. Claima 5 and 7-8, drawn to compounds, compositions and methods of use wherein the compound of formula 
n contains none of groupc 14-17, supra, and the compound has a COOR group, classified in Class 560, subclasses 8- 

113. 

19. Claims 5 and 7-8, dr«wn to compounds, compositions and methods of use wherein the compound of formula 
U conuins none of groups 14-18, supra, and the compound has a COOH group, classified in Class 562, subclasses 405- 
496. 

20. Ciainu 5 and 7-8, drawn to compounds, compositions and methods of use wherein the compound of formula 
U contains none of the group* 14-19, lupra, and the compound has a COH group, classified in Class 568 subclass 420. 
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1. Q Claims Nos.; 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. rn Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can b& carried out, specifically: 



3, Q Claims Noi.r 

because they are dependent claims and arc not drafted in aoooidance with the second and third seotcrwea of Rule 6.4(a). 



Box II Obsemtioiu where umty of mTCDtkn ts l*cking (Continufttioa of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
(Form PCT/ISA/206 Previously Mailed.) 
Please Sec Extra Sheet. 



^' C ^ *U required additional search fees were timely paid by the applicaot, this inte 



claims. 



^ As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3 ■ . Ai only some of the required additional search fees were timely paid by the applicant, this international search r^rt cdven 
only those claims for which fees were paid, specifically claims Nos.: 



4- ^ No required additional search fee* were timely paid by the applicant. ConsequenUy, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by clainu Nos.: 
1-4 It is deemed that the first claimed invention is the first species 2 (which corresponds to group 4 as set forth above) 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

No protest accompanied the payment of additional search fees. 
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